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SUMMARY 


The  goal  of  this  preliminary  problem  definition  study  was  to  assess 
the  Army's  responsibility  for  further  study  on  forty-eight  (48)  chemicals  as- 
sociated with  munitions  production.  This  report  covers  the  study  results  on 


the  nine  chemicals  used  or  produced  in 

■ hexamlne 

- cyclohexanone 

- methylamine 

- dimethylamine 

- trimethylaaine 

The  recommendations  resulting  from  the 
discussed  below: 

Hexamlne 


manufacture  of  explosives: 

- SEX 

- TAX 

- 1,3 -dinitrobenzene 

- 1,3,5-trinitrobenzene 


study  are  summarized  in  Table  S-l  and 


Hexamlne  is  one  of  the  starting  materials  used  in  the  manufacture 
of  RDX  and  HMX  at  Holston  AAP.  In  1975,  Holscon  AAF  purchase  of  hexamlne  was 
32%  of  the  civilian  production.  At  full  mobilization,  the  Amy's  purchase  of 
hexamlne  would  be  '.75%  of  the  civilian  production  capacity. 

The  major  civilian  usage  of  hexamlne  is  as  a methylenating  agent 
for  crosslinking  in  thermosetting  phenolic  resins.  It  is  also  used  as  an  in- 
termediate in  the  production  of  uitrilotrlacetic  acid,  an  accelerator  in  the 
rubber  industry  and  an  urinary  antiseptic, 

Hexamlne  itself  is  relatively  non-toxic  to  mammalian  and  aquatic 
life,  However,  under  acidic  conditions  or  microbial  attack,  hexamlne  decom- 
poses to  formaldehyde  and  ammonia.  These  compounds  are  toxic  to  aquatic  or- 
ganisms. 

The  major  discharge  of  hexamlne  at  Holston  AAP  is  from  the  Building 
A-l  still.  This  still  currently  operates  only  one  week  out  of  every  four 
months.  At  full  mobilization,  the  still  would  operate  on  a continuous  basis. 
When  this  still  is  in  operation,  high  concentrations  of  hexamlne  are  dis- 
charged into  the  Arnoct  Branch.  The  hexamlne  discharge  could  result  in  high 
levels  of  formaldehyde  and  ammonia  in  the  Branch. 

The  Army's  further  effort  on  hexamlne  should  be  concentrated  on  an 
effective  treatment  process  for  removal  of  hexamlne  from  the  Holston  waste 
streams.  Further  literature  evaluation  of  the  toxicological  and  environ- 
mental hazards  of  hexamlne  should  be  a low  priority. 

Cyclohexanone 

Cyclohexanone  is  used  as  a recrystallization  solvent  in  the  manufac- 
ture of  RDX  at  Holston  Army  Ammunition  Plant  (HAAP).  At  current  production 
levels,  Holston  AAP  utilizes  180.000  lb  of  cyclohexanone  per  year.  This  sol- 
vent is  purchased  from  civilian  manufacturers.  At  full  mobilization,  ^2  mil- 
lion lb  per  year  of  cyclohexanone  would  be  used. 


-5- 


<0  <rl 

c 

S3 

B • 

01  A 

a 

0 tfl 

•h  a 

4) 

V u 

B 

a 

t 

fN  B 

3 <8 

0 

0 

m 

•B  3 

H 41 

■H 

S 

41 

3 0 

w u 

u 

3 

*J  Q. 

u 

a 

14 

W 

to  ■ 

83 

y 

4) 

O 

y <u 

VI 

A 

> 

4*  U 

-a  o 

eu 

0 

0 

• 

■ 

i 

0 

4J 

0 

c 

c 

«8 

a 

b 

0 

0 

rH 

0 

PH7 

0 

• 

• 

• 

4J 

u 

3 

h 

3 

M 

PH 

0- 

CO 

M 

B 

a. 

B 

b 

pH 

rH 

3 

3 

<t* 

<r 

0 

0 

y 

a 

U 

41 

5b 

S 

5c 

33 

y 

j: 

CJ 

A 

<8 

u 

<0 

u 

u 

u 

4J 

4J 

1-1 

0 

0 

« 

<0 

CO 

<0 

• 

fl  • 

■H 

c 

•H 

B 

>, 

JO 

•rt 

A 

■H 

CO 

0) 

CO 

CO 

-o 

a -o 

• 

• 

•tH 

•H 

•H 

hH 

3 

•H  3 

>4) 

co  co 

Ui 

a ca 

co 

CO 

CO 

CO 

w 

8)  4J 

83  41 

•a  ai 

>> 

X 

>» 

to 

* to 

B 

3 *H 

a . 

C -H 

pH 

rH 

*-H 

rH 

O 

3 H 

0 

3 H 

cd 

cd 

>- 

« >s 

•H 

0 *H 

•H 

2 -1 

6 

c 

6 

2 

SO 

e oo 

H 

b rH 

U 

b rH 

cd 

(0 

CO 

<0 

0 

«3  0 

<8 

B *H 

CO 

B H 

h g< 
u u < 
B >,  < 
BUS 
03 

•H  <M  B 

U 

V d <n 

i on 

u "H  £ 

h u 5 
s d o 
hu& 


4-1  4-i  O 


*H 

ca  b 

pH 

c 3 

a 

o -s 

W 

H U 

U 

B 

B 03 
■B  41 

S U 

O 

H 

tfl  H 
41  *H 
•H  > 

o at 

83  B 

y 

3 U 

41  ca 

JJ 

04  41 

tfl 

> 

cu  H 

M rH 

0 ca 

M <8 

0 

y 

&*§. 

41  *H 

« m 

1 a 

C8  O 
A -H 

i 

b O 

3 a 

y 

a a 

01  0) 

>%  >s 


MRHKIOI  hr 

• Tit  thill  iKtlN  jjfr 

CDt  Mil  Hello  *0 

tlMNhOUKEI  f 

•VJ'illHICATIOM  


iijtm«inio«/»»iiuiii.ry  corr 


N 

y 

3 

0 

41 

y 

3 

dJ 

u 

B 

B 

•H 

J3 

•U 

0 

0) 

•H 

a 

i 

0 

’H 

B 

c 

1 

cO 

U 

3 

td 

•H 

C8 

t*H 

4J 

•p* 

X 

0 

rH 

PH 

•H 

^ i 

41 

<0 

>< 

BS 

* 

C 

l 

A 

pH 

A 

U 

pH 

1 

0 

u 

0) 

"O 

,U1 

rH 

y 

a 

1 

* 

y 

4J 

X 

H 

X 

ro 

cn 

>•> 

£ 

■H 

U 

Csl 

< 

M 

* 

CJ 

a 

H 

Crt 

pH 

pH 

thill.  ml,'  tt  ihtdAi 


The  civilian  cyclohexanone  production  capacity  is  1590  million  lb/ 
year,  The  major  civilian  uses  of  cyclohexanone  is  as  a chemical  intermediate 
in  the  manufacture  of  nylon  66  and  nylon-6.  It  is  also  used  in  the  manufac- 
ture of  caprolactone  and  as  a solvent. 

The  Army's  use  of  cyclohexanone  at  full  mobilization  is  only  0.38% 
of  the  1975  United  States  production.  At  full  mobilization,  the  Army's  dis- 
charge of  cyclohexanone  would  represent  only  4%  of  the  1974  civilian  air 
emissions  of  this  compound.  Thus,  cyclohexanone  is  not  a military  unique  com- 
pound . 

Cyclohexanone  is  moderately  toxic  to  mammals.  Sublethal  doses  cause 
profound  narcosis  accompanied  by  central  nervous  system  depression.  The  aqua- 
tic toxicity  of  cyclohexanone  is  low. 

In  the  environment,  cyclohexanone  is  degraded  by  photochemical  and 
microbial  pathways.  In  tha  presence  of  formaldehyde,  addition  products  are 
formed.  Quantitative  information  on  the  formation  of  these  products  in  the 
effluents  streams  is  not  available. 

Further  studies  by  the  Army  on  the  toxicological  and  environmental 
properties  of  cyclohexanone  should  be  a low  priority.  However,  the  formation 
of  cyclohexanone  addition  compounds  in  the  effluent  streams  at  Holston  AAP 
should  be  further  investigated.  This  investigation  should  include  identifica- 
tion and  quantification  of  these  compounds  and  a literature  evaluation  of 
their  toxicological  and  environmental  hazards. 

Mechvlamine 

The  methylaminee  are  by-products  of  the  RDX/HMX  manufacture  at  Hol- 
ston AAP.  The  only  documented  entrance  of  these  compounds  into  tha  environ- 
ment is  from  the  A-l  still  sludges.  When  operating,  this  still  discharges 
6.13  lb/day  of  methylamine,  385  lb/day  of  dimethylamine  and  31.5  lb/day  of  tri- 
methylamine  into  Arnott  Branch.  The  presence  of  high  concentrations  of  ni- 
trate lead  to  the  possibility  of  formation  of  the  potent  carcinogen,  N-nitroso- 
dime thy lamina,  in  this  waste  stream. 

The  methylamines  are  produced  in  large  quantities  by  the  civilian 
community.  Current  production  capacity  is  ^323  million  lb/year  of  mono-,  di- 
and  trimethylamine  in  the  equilibrium  ratio.  The  methylamines  are  used  as 
synthetic  intermediates  for  synthesis  of  choline  chloride,  dimethylformamide, 
dlmethylacetamide,  Insecticides  and  surfactants. 

The  methylamines  are  widespread  through  the  ecosystem.  They  are  not 
toxic  in  small  amounts  to  mammals,  fish,  microorganisms  ‘and  plants.  Microbial 
degradation  occurs  in  the  environment.  However,  in  the  presence  of  nitrate  or 
nitrite,  dimethyl-  and  trimethylamine  can  be  biologically  converted  to  N- 
nitrosodimethylamine. 


The  mechylamines  are  not  military  unique  compounds.  Their  toxico- 
logical properties  have  bean  studied  in  detail  Fu-  tl.-v-  toxicological  work 
by  the  Army  should  be  a low  priority.  Holston  tv  a unique  situation  of  high 
nitrate  and  high  dime thy lamina  content  in  its  wa^caa.  Thus,  there  exists  the 
potential  formation  of  N-nitrosodimethy lamina.  Therefore,  environmental  fate 
of  the  methylamines  should  be  further  investigated.  Effluent  stream  analysis 
at  Holston  AAP  should  complement  this  study. 

SEX  and  TAX 


SEX  and  TAX  are  acetylated  nitramines  by-products  formed  during  the 
manufacture  of  RDX/HMX  at  Holston  AAP.  These  military  unique  compounds  enter 
the  environment  from  the  acid  wash  and  dewatering  operations.  The  levels  of 
SEX  in  these  waste  streams  are  20-40%  of  the  RDX  concentrations,  TAX  levels 
are  between  60-90%  of  the  RDX  concentrations. 

The  toxicity  and  environmental  fate  of  these  chemicals  have  not 
been  extensively  studied.  However,  contacts  with  foreign  manufacturers  and 
comparison  Co  similar  compounds  could  yield  useful  Information  on  the  toxico- 
logical and  environmental  hazards  of  these  compounds.  It  is,  therefore, 
recommended  that  a Phase  II  effort  on  these  compounds  be  initiated.  In  addi- 
tion, further  effluent  stream  analysis  at  Holston  AAP  is  needed.  Acute  mam- 
malian and  aquatic  toxicity  and  in  vivo  mutagenic  studies  may  be  warranted 
depending  on  the  results  of  the  Phase  II  study. 

1. 3-dinitrobeo.zene 


1,3-dinitrobenzene  is  a by-product  of  the  manufacture  of  TNT  at 
Radford,  Voluntear,  Joliet  and  Newport  Army  Ammunition  Plants.  This  compound 
is  formed  by  nitration  of  the  benzene  impurities  present  in  the  toluene  start- 
ing material.  Most  of  the  1,3-dlnitrobanzene  formed  in  the  process  is  not 
removed  from  the  TNT  and  is  thus  an  impurity  in  the  final  product.  However, 
a small  amount  of  this  compound  (0.2  to  2 lb  line/day)  is  discharged  in  the 
red  water  evaporation  condensate. 

Since  1,3-dinitrobenzene  is  found  in  the  TNT  final  product,  it  can 
also  enter  the  environment  from  TNT  blending  at  Holston  Army  Ammunition  Plant 
and  the  LAP  plants.  1,3-dinitrobenzane  can  also  be  produced  in  the  environ- 
ment by  photolysis  of  2,4-dlnitrotoluene.  Once  formed,  1,3-dinicrobenzene 
does  not  undergo  further  photochemical  decomposition. 

There  is  one  civilian  manufacturer  of  1, 3-dinitrobenzi'iie  in  the 
United  States.  All  the  product  produced  in  the  civilian  sector  is  used  as  a 
synthetic  intermediate,  mainly  in  Che  dye  industry.  The  pollution  from  1,3- 
dlnltrobenzene  from  the  civilian  manufacture  and  use  is  not  known.  However, 
it  is  probably  far  less  than  that  from  TNT  production  and  use  at  full  mobili- 
zation. 


1,3-dinicrobenzene  is  highly  toxic  to  mammalian  and  aquatic  life. 
It  is  slowly  degraded  by  microorganisms.  However,  under  most  environmental 


conditions,  this  degradation  is  small  and  1,3-dinitrobenzene  accumulates  in 
sediments. 


! 

i 

i 

f 
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In  view  of  the  toxicity  and  the  apparent  widespread  Army  pollution, 
it  is  recommended  that  l,3-dinitroben2ene  be  included  in  the  Phase  II  study. 
It  is  also  recommended  that  additional  experimental  studies  be  conducted  to 
clarify  the  environmental  fate  of  1,3-dinitrobenzene  and  the  effectiveness  of 
planned  treatment  processes  for  removing  this  compound  from  the  effluent 
s creams, 

1,3,5-trini trobenzena 


1,3,5-trinitrobenzene  is  an  explosive  formed  in  small  amounts  during 
the  manufacture  of  TNT  at  Radford,  Volunteer,  Joliet  and  Newport  Army  Ammuni- 
tion Plants.  This  compound  is  formed  by  competitive  oxidation  of  TNT  to  2,4,6- 
trinitrobenzoic  acid  followed  by  decarboxylation. 

Moat  of  the  trinitrobenzene  formed  is  found  in  the  final  TNT  product. 
However,  small  amounts  are  discharged  In  the  evaporator  condensate  from  the 
evaporation  of  red  water.  Estimates  of  the  1,3,5-trlnltrobenzene  discharges 
from  the  manufacture  of  TNT  ere  0.39  lb/line/day. 

Since  l,3,5-trinltroben2ene  is  formed  in  concentrations  of  0.1  to 
0.7%  of  the  TNT  product,  it  can  also  be  found  in  effluent  from  blending  opera- 
tions at  Holston  AAP  and  loading  (LAP)  at  Joliet  AAP,  Cornhusker,  Kansas, 

Lone  Star,  Louisiana  and  Iowa  AAPs.  Estimated  discharges  from  blending  opera- 
tions at  Holston  could  be  as  much  as  9 ib/day.  The  discharges  from  the  LAP 
facilities  very  depending  on  how  the  pink  water  is  handled.  Cornhusker,  Kan- 
sas, Lone  Star  and  Louisiana  dispose  of  pink  water  in  evaporation  ponds. 

Joliet  and  Iowa  have  carbon  adsorption  columns. 

In  addition  co  the  1,3,5-trinitrobenzene  in  the  effluent  from  the 
manufacture,  blending  and  loading  of  TNT,  1,3,5-trinitrobenzene  is  formed 
photochemically  from  TNT  in  the  waste  water.  It  is  estimated  that  1 % of  the 
TNT  discharged  is  converted  to  1,3,5-trinitrobenzene.  This  compound  Is  not 
further  photochemically  degraded. 

1,3,5-trinitrobenzene  is  toxic  to  both  mammalian  and  aquatic  life. 

It  does  not  appear  to  degrade  significantly  in  the  environment  and  thus  ac- 
cumulates in  sediments. 

1,3,5-trinitrobenzene  is  a unique  military  chemical.  Some  minor 
pollution  may  occur  from  civilian  manufacture  of  nitrated  aromatics.  However, 
the  military  pollution  arising  from  this  compound  in  the  process  effluents 
and  from  photodecompoaition  of  TNT  in  the  environment  is  the  major  source  of 

1,3,5-trinitrobenzpne  in  the  environment. 

The  following  recommendations  are  made  for  1,3,5-trinitrobenzene: 

- Phase  II  study  be  initiated 

- additional  sampling  at  RAAP  or  VAAP  (when  operational)  and 
HAAP  be  carried  out  to  determine  the  extent  of  sediment  and 
biological  accumulation. 
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FOREWORD 


This  report  details  the  results  of  a preliminary  problem  definition 
study  on  explosives  related  chemicals.  The  purpose  of  this  scudy  was  to 
determine  the  Army's  responsibility  for  conducting  further  research  on  these 
chemicals  in  order  to  determine  their  toxicological  and  environmental  hazards 
so  that  effluent  standards  can  be  recommended.  In  order  to  determine  the 
Amy's  responsibility  for  further  work  on  these  explosive:,  related  chemicals, 
Che  military  and  civilian  usage  and  pollution  of  these  substances  were  eval- 
uated. In  addition,  a preliminary  overview  of  toxicological  and  environmental 
hazards  was  conducted. 

The  explosives  related  chemicals  represent  9 of  the  48  chemicals  eval- 
uated under  Phase  IA  of  contract  No.  DAMD17-77-C-7057.  These  chemicals  are 
grouped  in  four  categories 

- explosives  related  chemicals 

- propellant  related  chemicals 

- pyrotechnics 

- primers  and  tracers 

Each  category  is  a major  report.  Section  I of  each  report  is  an  overview  of 
the  military  processes  which  use  each  chemical  and  the  pollution  resulting 
from  the  use  of  these  chemicals.  The  problem  definition  study  reports  on 
each  chemical  are  separable  sections  of  these  four  reports. 

In  addition  a general  methodology  report  was  also  prepared.  This  report 
describes  the  search  strategy  and  evaluation  methodology  utilized  for  this 
studv . 

In  the  preparation  of  this  report,  several  reference  sources  have  been 
directly  quoted.  Permission  has  been  obtained  from  the  appropriate  sources 
for  reprint  of  the  quoted  information. 
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I.  GENERAL  OVERVIEW  OF  EXPLOSIVES  MANUFACTURE. 
LOADING  AND  DISPOSAL  OF  EXPLOSIVES 


A.  RDX/HMX  Manufacture 


Several  of  the  exploslves-related  chemicals  to  be  evaluated  in  this 
preliminary  problem  definition  study  are  associated  with  the  manufacture  of 
RDX  and  HMX.  These  chemicals  include: 

- hexamine  - a starting  material 

- cyclohexanone  - a recrystallization  solvent 

- the  methylamines , TAX  and  SEX  - process  by-products 

At  the  present  time  RDX  and  HMX  are  manufactured  exclusively  at 
Holston  Army  Ammunition  Plant  (KAAP).  The  plant  is  located  in  Kingsport, 
Tennessee  on  the  Holston  River  as  shown  in  Figure  1-1.  Because  of  the  in- 
creased usage  of  RDX  explosive  mixtures,  a second  plant  to  produce  these 
explosives  w^ll  be  constructed  in  the  future.  This  new  facility  (X-facility) 
is  currently  in  the  planning  stagas.  Final  site  selection  and  authorization 
of  construction  funds  have  not  seen  completeo. 

Both  RDX  and  HMX  are  used  in  a large  number  of  explosive  mixtures 
which  have  a variety  of  end  uses.  The  formulations  of  some  cf  these  ex- 
plosive mixtures  are  presented  in  Table  1-1.  Formulations  of  RDX  and  de- 
sensitizing waxes  are  designated  as  the  Composition  A explosives.  These 
mixtures  are  used  in  press  loaded  small  artillery  shells.  A-3  and  A- 5 are 
also  used  as  boostor  charges  in  place  of  tetryl  which  is  no  longer  manu- 
factured by  the  Army, 

Composition  B and  cyclotols  are  mixtures  of  RDX  and  TNT.  Desensitiz- 
ing wax  is  also  added  to  the  Composition  B products.  The  octols  are  HMX  and 
TNT  mixtures.  These  compounded  explosives  exhibit  superior  performance 
properties  over  that  of  TNT  alone.  The  superior  properties  have  lead  to  the 
extensive  use  of  Composition  B as  burster  charges  in  bombs,  artillery  shells 
and  land  mines.  For  this  purpo.se,  the  Composition  B explosive  is  melt- 
loaded  into  the  shells.  Once  solidified,  the  cast  explosive  can  be  drilled 
for  Insertion  of  non-bursting  charge  components.  Because  of  its  wide  use  in 
shells  and  bombs,  Composition  B utilizes  'v  752  of  the  RDX  produced  each 
year. 


A third  major  group  of  explosive  mixtures  containing  RDX  and  HMX  are 
the  plastic  explosives  and  demolition  charges.  These  formulations  are 
known  as  the  Composition  C,  FBX  and  PBXN  explosives  and  contain  RDX  or  HMX 
compounded  with  plastizers  and  solvents.  In  addition  to  its  use  in  ex- 
plosive mixtures,  HMX  is  also  used  in  solid  rocket  propellants. 

The  historical  production  figures  for  these  explosives  are  presented  in 
Table  1-2.  The  quantities  of  the  explosive  which  would  be  produced  at  full 
mobilization  are  also  shown  in  this  Table.  A summary  of  the  historical  and 
projected  full  mobilization  usage  of  explosives  at  Holston  AAP  is  presented 
in  Table  1-3. 
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Table  1-1.  Composition  of  Products  Formulated 

at  Holston  AAP. 


Product 

Percentage  Composition 

BOX 

HMX  TNT 

Other 

Doaensititsd  KOX 

9610.3 

Process  Oil 

410.3 

Composition  A Produce* 

A- 3 

91i0.7 

Desensitizing  wax 

9t0. 7 

A- A 

9710.5 

Desensitising  tux 

itu.s 

A-3 

9B.!t0.3 

Stearic  acid 

1.210.3 

A-7 

98.110.5 

Dssonslc irlng  wax 

1. 7rO. 5 

Composition  1 Produce* 

».  Type  I 

39.3*3 

19.5*2.0 

Osssnsielxlng  wsx 

1.010.3 

»'*.  Type  t 

60*2 

19.512.15 

Calc  lull  s lllcats 

0.5i0.1S 

l-Ac  Typo  II 

6012 

40*2 

Composition  C Produces 

C-4,  Cluasaa  142 

9111 

Binder} 

9li 

C-4,  Class  3 

90*1.2 

Binder} 

Binder1 

9.510.7 

C-A,  class  A 

S9.9*l 

10.0*1 

Dye  Composition2 

0.210.2 

CH-* 

97.3*0,3 

Calelua  slllcae* 

1.510.15 

Cycloeols  Produces 

Cyeletol,  Typo  I 
Cycloeol,  Typo  11 

75*2 

23*2 

Class  A 

Cycloeol,  Typo  11 

70*2 

00*2 

Class  B 

69.6*2 

29.9*2.13 

Calcium  silicic* 

0. 510.13 

KMX  Produces 

HM3C,  Crado  A 

7 

93 

HMX,  Ccads  1 

2 

98 

CHX-1  or  2 

92.2*0.3 

Laainac  EPX-147-1 

or 

147-3 

7.810.5 

HHX/KIL-P 

93*0.4 

XBL-r 

510.4 

LX-OA-l 

83*1 

Vlton  A lncl.  CAP 

pern,  vetiow 

A CB  Toner  U- 

300  till 

LX- 10-1 

94,3*0.3 

Vlton  A lncl.  Cynn  Crsen 

Tonsr  13-3100 

3l<‘.  3 

U-14-0 

93.310.5 

EaUsU*  5702-F-i  plum 

Violte  Ton«r 

».5i0 . 5 

Octol,  Typo  1 

75*2  2312 

Occul,  Typo  11 

70*2  30*2 

P1X  Produces 

PIX,  Typo  I 

90*0.3 

Polyatyrtnt 

Di-2-#thylhixyL 

8.510.3 

phch*Ue« 

1.310.3 

PBX,  Typo  II 

90*0.3 

Foly*eyr«n« 
Dl-2-«ihylh«xy  ]. 

9.110.1 

I’hthnlati 

Gum  Ronon  inti* 

0.3:0. 1 

K«plithol  Red 

0.410.1 

P8X  9404 

94*0.3 

NitrocoUuloao 

3 

CEF  ( Fyrol) 

3 

Dtphmnvlamin* 

O.'.lO.Ol 

PBX  9501 

93*0.3 

Bindar-' 

5.010.3 

PBXN-3 

66*0,5 

Syljn 

mo,  3 

PBXN-3 

93.310.5 

Copolymtr, 

510.3 

PBXN-A 

9310.3 

Copwilymur4 

510.3 

PBX  9010 

4010.3 

KEi-r 

10:0,  3 

PBX  9011 

9010.3 

Flttn.t  570JF-1 

PiO.J 

HX  9203 

9210.5 

Polynr  yr«nu 
Pi-2-wtlivLlicxy  1 

AiO.4 

phtb-iiact 

.'1U.  i 

PBX  9407 

9410.3 

Exxon  461 

Aid.  3 

PBX  9502 

TATtt 

95:u. 3 

KF.I.-F 

3i0.i 

PBX  0280 

951F  d 

E/uanc  5703  F-l 

510.8 

1.  polyiNObuevUnu  oi,d  J i 

-2-ctli/l  or  ill  •/•ethyl  udlpatc 

2.  902  lenj  .Iiiun.itu,  10‘ 

l u.i|>  ‘>1  ici*. 

3.  Esc, mu  3703  F-l  plant  l. 

: .md  i# 

, Z-diSiltroi  r ‘*pyl ) s^cetfcl. 

'!>(  m C2  2-dln  Uropropyi ) 

formal 

4.  Vinyl  Idem*  d ifliioe*  Uk  -inU  U K»»f  lunroprt'fiy  IvfW 
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Table  1-2.  Historical  Explosives  Production  arid  Projected  Mobilization 

Production  at  Holston  AAP  in  1000  lb. 
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1.  Manufacturing  Facilities  at  Holston  AAF 


HAAP  is  physically  divided  into  two  areas,  Area  A and  Area  B.  Area 
A is  the  acetic  acid  recovery  area  located  on  the  South  Fork  of  the  Holston 
River.  In  this  area,  dilute  acetic  acid  from  the  explosives  manufacture 
(Area  3)  is  concentrated  by  azeotropic  distillation.  A portion  of  the  con- 
centrated acetic  acid  is  then  used  to  produce  acetic  anhydride.  Both  the 
acetic  acid  and  acetic  anhydride  are  tanked  back  to  Area  B. 

Area  B is  located  ^ 1 mile  below  the  junction  of  the  North  and 
South  forks  of  Che  Holston  River.  The  explosives  manufacture  and  compound- 
ing and  the  nitric  acid  recovery  operations  are  located  in  Area  B.  The  use 
of  and  pollution  associated  with  the  compounds  of  concern  to  this  study  occur 
in  Area  B.  Therefore,  process  description  and  discussion  of  the  polluting 
streams  will  be  limited  to  the  explosive  area. 

2.  Process  Description  and  Effluent  Streams 

RDX  and  HMX  are  produced  in  the  Area  B buildings  by  the  Bachmann 
process  (Bachmann  and  Sheehan,  1949)  . A detailed  map  of  the  Area  B build- 
ings is  presented  In  Figure  1-2.  In  this  process,  hexamine  is  nitrated  with 
ammonium  nitrata/nltric  acid  mixtura  in  an  acetic  acid/acetlc  anhydride  sol- 
vent. The  processing  steps  and  the  starting  chemicals  used  in  both  RDX  and 
HMX  manufacture  are  the  same.  However,  the  proportions  of  materials  differ 
as  shown  in  Table  1-4, 


I 


i 

{ 


Table  1-4,  Raactants  for  RDX  and  HMX  Manufacture  Based  on  100  lb 
Reactor  Charge  (Small  and  Rosenblatt,  1974). 


Reactant 

Lb  of  Reactant 
for  RDX  Manufacture 

Lb  of  Reactant 
for  HMX  Manufacture 

Ammonium  nitrate 

17.2 

] 11.0 

98%  Nitric  acid 

13.6 

( 

Hexamine 

9.2 

17.0 

Acetic  acid 

15.0 

18.0 

Acetic  anhydride 

45.0 

54.0  ' 

The  nominal  stoichiometric  reactions  for  the  formation  of  RDX  and  HMX  are 
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Holaton 


c6H12N4  + 

4HN03  + 

2NH4N03  + 6(CH3C0)20 

2C3H6°6N6  + 

12CH3COOH 

Hexamine 

Nitric 

Ammonium  Acetic 

RDX 

Acetic 

Acid 

Nitrate  Anhydride 

Acid 

HMX 

2C6HuN4  + 8HN03  + 4NH4N03  + 6(CH3CO)2  -► 

3C4H8°8N8  + 

12CH3COOH  + 

Hexamine 

Nitric 

Ammonium  Acetic 

mix 

Acetic 

Acid 

Nitrate  Anhydride 

Acid 

Holston  has  ten  RDX/HMX  lines 'capable  of  producing  \ 2.5  X 10® 
lb/yr  of  8DX  and  1.5  X 10?  lb/yr  HllX  at  full  mobilization.  Currently,  HAAP 
is  only  operating  at  n,  8 7.  capacity  (less  than  full  capacity  on  one  line) . A 
process  flow  diagram  of  the  RDX/HMX  manufacture  is  presented  in  Figure  1-3. 
This  process  involves  6 steps  which  are  described  in  detail  in  the  following 
sections  and  Figures  1-4  to  1-9.  Material  balances  on  these  processes  have 
been  attempted.  For  further  information  the  reader  is  referred  to 
Heldalberger  (1971). 

a.  Reagent  Preparation 

The  C Buildings  are  used  for  reagent  preparation.  Each  C 
Building  feeds  two  production  lines.  In  these  Buildings,  the  commercially 
purchased  haxamine  is  dissolved  in  glacial  acetic  acid  received  from  the 
Area  A azeo  stills.  The  solution  is  dumped  into  a storage  tank,  the  con- 
tents of  which  are  continuously  circulated  through  a distribution  loop.  The 
hexamine/acetic  acid  solution  is  drawn  from  this  loop  into  the  D Buildings 
as  needed.  The  ammonium  nitrate/nitric  acid  solutions  from  Building  330  are 
also  unloaded  at  the  C Buildings  and  placed  in  storage  tanks.  A schematic 
of  the  C Building  operations  is  shown  in  Figure  1-4, 

The  mein  discharges  from  the  C Buildings  are  dissolver  vent 
discharges  and  building  washwater  containing  hexamine  and  dilute  acids. 
According  to  a study  performed  by  Holston  Defense  Corporation,  an  average 
of  30  .lbs  per  day  of  hexamine  is  discharged  from  each  operating  C Building 
(USAEKA,  1971).  The  amount  of  acids  and  other  organics  was  found  to  be 
negligible.  The  loss  of  hexamine  was  due  mainly  to  spillage  and,  therefore, 
is  relatively  independent  of  production  rates.  At  full  mobilization,  three 
C buildings  would  be  mixing  hexamine , Thus,  ^ 90  lb/day  of  hexamine  would 
be  discharged  to  the  sewer  from  this  source. 

b.  Nitration  of  Kexamiuu 

Nitration  of  hexamine  is  carried  out  in  the  D Buildings.  RDX 
is  produced  In  Buildings  D-l,  D-2,  D-3,  D-7,  D-8,  D-9  and  D-10.  These 
buildings  each  contain  two  continuous  production  units.  The  reactant 
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Figure  1-3.  Flow  Diagram  of  the  RDX/HMX  Manufacture  at  Holston  AAP. 
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Figure  1-4,  Preparation  of  Hexamine/Acetic  Acid  in  Building  05 
(USAEHA,  1971). 
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solutions  - hexamine/ acetic  acid,  nitric  acid/ ammonium  nitrate,  acetic  acid 
and  acatic  anhydride  are  charged  into  the  reactor  at  7S°C  as  shown  in  Figure 
1-5.  The  exothemic  reaction  is  maintained  under  control  by  means  of  a heat 
exchanger.  The  initial  product  is  'u  79%  RDX,  6 % HMX ‘and  intermediates  - the 
major  one  of  which  is  BSX  (CHjCOOC^-NCNC^)- (CH2) 2-N-NO2)  CSmall  and  Rosen- 
blatt, 1974).  The  reactor  slurry  is  then  pumped  to  a temperature  controlled 
aging  tank.  Here  the  Intermediates  are  further  reacted  to  RDX.  The  slurry 
is  then  drained  into  a series  of  four  simmer  tanks  where  the  acetic  acid  is 
diluted  to  65%  and  the  temperature  is  gradually  lowered  from  108°C  to  50°C 
(USAEHA,  1971). 


Buildings  IH5  and  D-6  contain  batch  reactors  for  the  production 
of  HMX.  Building  D-6  has  two  reactors  and  Building  D-5  has  one  nitration  re- 
actor. These  Buildings  differ  from  the  continuous  RDX  D Building  in  two 
respects  as  shown  in  Figure  1-5: 

- there  is  no  heat  exchanger  on  the  nltrator 

- each  nitrator  has  two  simmer  tanks  in  parallel  instead 
of  four  in  series. 

The  main  pollution  sources  from  the  D Buildings  are  the 
building  scrubber  vents,  the  main  water  effluent  entering  the  catch  basin 
and  the  various  storage  tank  effluents  (Heldelberger,  1971).  Some  acids  and 
explosives  are  found  in  the  effluent  from  equipment  and  floor  washdown.  SEX 
and  TAX  are  also  probably  in  this  waste  stream. 

c.  Acids  Removal  and  Explosives  Wash 

After  the  nitration  is  completed,  the  explosives  slurry  is 
pumpad  to  the  E Buildings.  A schematic  of  the  E Buildings  operations  is  pre- 
sented in  Figure  1-6.  Here  the  acids  are  removed  from  the  slurry  by  a vacuum 
system.  The  acids  are  sent  to  the  B Buildings  where  acids  and  dissolved  ex- 
plosives are  recovered.  Explosives  recovered  at  the  B Buildings  are  re- 
turned to  the  E Buildings  for  reprocessing.  Once  the  acid  has  been  removed, 
the  explosive  is  washed  with  filtered  water  and  a vacuum  system  is  used  to  re- 
move the  dilute  acid  water.  The  water  from  thl3  step  is  pumpad  to  the  D 
Buildings  as  a dilution  liquor.  The  waahad  explosives  are  then  slurried 
with  filtered  water  and  pumped  to  the  G Buildings. 

Buildings  E-l  through  E-4  and  E-7  through  E-10  are  used  for 
RDX  production.  HMX  is  washed  in  Buildings  E-5  and  E-6.  Discharges  from 
the  E Buildings  Include  filtered  water,  steam  condensate  and  river  water, 

Acids  and  explosives  are  discharged  from  Che  warm  water  wash,  acid  and 
dilution  liquor  receiving  steam  Jets  and  equipment  and  floor  washdowns. 

With  the  exception  of  the  acid  receiver  steam  jets,  all  the  explosives  con- 
taining streams  flow  through  baffled  catch  drains  before  entering  the  in- 
dustrial waste  sewer.  Most  of  the  explosives  settle  out  in  the  catch  basins 
and  do  not  enter  the  industrial  sewer  system.  However,  the  water  solubles 
such  as  the  methylamine  salts,  SEX  and  TAX  are  not  removed  from  the  waste 
water  and  thus  enter  the  sewer  system. 
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Nitration  of  Hexa«ine  (USAEHA,  1971). 


Acid 

Storage 

Tanks 


To  B Bldgs  ^ gjj 

*1,  Bldg  E-8  Is  the  only  E Bldg  with  a decant  system.  ^ 

2,  Except  for  decantation,  all  other  E Bldgs  are  Identical  except  for  the 
number  of  units  each  contains.  Bldgs  E-5  and  E-6  have  a dilution  liquor 
storage  tank  available  to  dilute  the  acid  to  SOS. 

3.  This  diagram  represents  only  one  operating  unit  at  Bldg  E-8. 

**  Although  only  one  set  of  steam  jets  Is  depicted,  there  are  two  sets,  one 

fr.ffltBa’S!?.?*"*- 

RW  - River  Water 


Figure  1-6.  Acids  Removal  and  Explosives  Wash 
in  Building  E-8  (USAEHA,  1971)  . 
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d.  Recrystallization 

Crude  RDX  or  HMX  from  the  E Buildings  are  recrystallized  in 
the  G Buildings.  The  explosive  slurry  is  fed  into  a dissolver  containing 
solvent,  usually  cyclohexanone  for  RDX  and  acetone  for  HMX.  After  simmer- 
ing, the  dissolver  contents  are  transferred  to  a preheated  still  where  the 
solvent  is  distilled  off  (see  Figure  1-7).  The  solvent  is  returned  to  the 
dissolver  or  a decanter.  Solvent  vapors  from  either  the  primary  condenser 
or  dissolver  are  condensed  in  a secondary  condenser  and  returned  to  the  dis- 
solver. The  recrystallized  explosives  are  then  cooled  and  sent  to  the  H 
Buildings  for  dewatering. 

The  main  pollution  from  the  G Buildings  RDX  recrystallization 
results  from  the  dissolver  and  still  agitators  seal  water  (Buildings  G-l, 

2,  7,  8,  9,  10,  10A) . Approximately  200  ppm  of  cyclohexanone  was  found  in 
the  catch  basin  effluent  from  these  buildings  (USAEHA,  1971).  Flow  rates  of 
27,400  gallons  per  day  were  measured. 

Buildings  G-3,  4,  5 and  6 are  used  for  HMX  recrystallization 
or  special  products  formulation.  Cyclohexanone  in  the  200+  ppm  range  is 
also  an  effluent  from  these  G Buildings.  However,  the  amount  depends 
heavily  upon  the  product  being  formulated.  Explosives  are  also  found  in 
large  concentrations  in  the  effluents  from  all  G Buildings. 

e.  Dewatering 

After  recrystallization,  the  explosives  slurry  is  sent  to  the 
H Buildings  for  dewatering,  although  dewatering  can  also  be  performed  in 
some  of  the  G Buildings.  At  shown  in  Figure  1-8,  the  slurry  is  dropped  into 
receiving  carts  called  nutsches.  Vacuum  probes  are  inserted  into  the  slurry 
until  the  water  is  removed.  Grinding  of  explosives  is  accomplished  by 
cycling  the  slurry  through  pumps  filtered  with  an  orifice  on  the  pump  dis- 
charger or  with  a Cowles  dissolver.' 

In  a study  conducted  by  Mr,  Jim  Green  of  HDC  (USAEHA,  1971), 
Che  principal  sources  of  waterborne  wastes  from  the  K Buildings  were  deter- 
mined to  be  from  spills,  and  overflows  of  settling  and  vacuum  tanks. 
Cyclohexanone  is  one  of  the  wastes  from  these  buildings  (^  140  ppm  in  a 
34,800  gallon  par  day  flow  through  the  catch  basins  of  each  building). 

f.  Incorporation 

In  the  I,  J,  K,  L and  M buildings,  the  wet  RDX  is  incorpora- 
ted into  explosives.  There  are  two  process  lines  in  each  building.  Each 
line  has  two  incorporation  kettles,  one  holdup  kettle,  a casting  pot  and  a 
casting  belt  as  shown  in  Figure  1-9.  The  wet  RDX  is  received  in  nutsches 
from  the  G buildings.  Weighed  quantities  of  dry  TNT  are  received  in  melt 
kettles  from  the  K buildings.  Steam  lines  are  attached  to  the  melt  kettles 
and  the  TNT  melted.  The  hot  TNT  is  then  poured  into  the  incorporation 
kettle.  The  wet  RDX  is  shoveled  into  the  kettle.  The  water  floats  to  the 
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Figure  1-7.  RDX/HMX  Recryscalizacion  in  Building  G-8 
(USAEHA,  1971)  . 
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Figure  1-8.  Dewatering,  Filtration  and  Grinding 

of  RDX/EMX  in  Building  H-6  (USAEHA,  1971) 


Figure  1-9.  Incorporation  and  Drying  in 
Buildings  I,  J,  L and  M 
(USAEHA,  1971)  • 


cop  of  the  explosive  melt  and  is  decanted  into  the  sewer.  After  removal  of 
the  water,  the  temperature  of  the  melt  is  raised,  desensitizing  wax  is  added 
and  the  mixture  agitated.  After  agitation  the  mixture  is  poured  into  a 
holdup  tank.  From  the  holdup  tank  the  explosive  melt  flows  into  a casting 
pot,  through  holes  in  the  pot  and  onto  a casting  belt.  On  this  belt,  the 
melt  cools  and  solidifies.  The  strands  of  explosives  fragment  as  they  drop 
into  nutsches.  They  are  transported  in  these  nutsche3  to  the  N buildings 
for  packaging. 


Water  wastes  from  incorporating  kettles  and  from  equipment 
and  floor  wash  down  are  the  main  sources  of  pollution  from  the  incorporation 
building.  This  water  flows  through  catch  basins  where  most  of  the  explo- 
sives are  settled  out.  However,  explosives  and  explosive  impurities  enter 
the  main  sewer  system  from  these  buildings.  The  amount  entering  the  sewer 
is  thus  a function  of  the  solubility  of  the  explosives  and  impurities.  Be- 
cause of  their  higher  water  solubility,  SEX,  TAX,  1,3-DNB  and  1,3,5-TNB  are 
found  in  significant  quantities  in  water  from  the  Incorporation  Buildings. 

g.  Primary  Distillation  and  Ammoria  Recovery 

Several  of  the  chemicals  which  are  being  evaluated  during 
this  preliminary  problem  definition  study  are  by-products  0*  the  RDX-HMX 
manufacture.  Theee  chemicals  not  only  appear  in  waste  effluent  streams  from 
the  main  process  but  also  in  effluents  from  the  associate  reagent  recovery 
processes.  Of  prime  concern  are  the  primary  distillation  of  the  cr 
nated  weak  acids  from  Building  E and  the  ammonia  recovery  operations.  Since 
only  thesa  two  auxiliary  processes  arc  directly  involved  with  the  chemicals 
In  this  study,  only  these  processes  will  be  described  in  this  report. 


| The  contaminated  weak  acid  from  the  E (acid  removal)  Build- 
ings is  first  neutralized  with  50%  sodium  hydroxide  and  than  fad  into  a 

1 primary  evaporator  as  shown  in  Figure  1-10,  Here  v 80%  of  the  original  feed 

I is  recovered  as  60%  aqueous  acetic  acid.  The  sludge  is  removed,  diluted 

with  water  and  then  heated  to  100°C.  The  liquid  is  then  cooled  to  30*C  and 
a RDX  seed  added.  The  precipitated  RDX-HMX  is  separated  from  the  solution 
[ and  returned  to  the  E Buildings.  The  liquid  is  fed  to  a second  evaporator 

| 1 and  a stripping  column  where  additional  acetic  acid  is  removed. 

The  sludge  from  the  stripping  Column  is  fed  into  a batch  re- 
actor where  50%  NaOH  is  added.  This  treatment  converts  the  ammonium  nitrate 
into  sodium  nitrate  and  ammonia,  the  acetic  acid  to  sodium  acetate  and  the 
RDX-BMX  to  ammonia  and  sodium  nitrate.  The  ammonia  and  water  vapor  released 
are  coidensed.  The  sludge  from  this  reactor  is  pumped  into  storage  lagoons. 
This  sludge  will  be  used  for  fertilizer  production  when  the  fertilizer  plant 
becomes  operational. 


The  aqueous  ammonia  is  then  distilled  at  Building  A-l  to  re- 
cover anhydrous  ammonia  for  sale  as  a rertilizer  (Figure  1-11).  The  feed 
stream  co  this  column  contains  ammonia,  methyl-,  dimnthyl-  and  trimethyl- 
amina,  formaldehyde  and  water  Sodium  hydroxide  is  added  to  prevent  corro- 
sion (Campbell,  1976).  Tn  the  presence  of  a base  catalyst  at  high  tempera- 
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Primary  Distillation  of  Spent  Acid 
In  Building  B-ll  (USAEHA,  1971) . 
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the  entire  bulldlno. 


Figure  1-11.  Anmonia  'Distillation  in  Building  A-l 
OJSAEHA,  IS  71)  . 


turas  and  pressures,  formaldehyde  and  ammonia  react  to  form  hexamiue 
(Campbell,  1976).  Ttie  bottom  products  from  the  A-l  Building  column  contain 
hexamine  (oj  5,000  ppm),  ammonia  (v  5,500  ppm),  formaldehyde  180  ppm), 
methylamine  (‘V  3,500  ppm),  diaethylamine  ('v  2,200  ppm),  trimethylamine 
K 180  ppm)  and  copper  (12,5  ppm)  (Adams  and  Whiting,  1976).  This  waste 
stream  is  discharged  into  Arnott  Branch.  At  current  operation  levels,  the 
A-l  Building  still  is  operated  une  week  every  four  months.  Discharges  from 
the  still  are  't  21,000  gallons  par  day  (USAEHA,  1971).  This  waste  flow  is  ' 
based  on  a feed  rate  of  15  gallons  per  minute. 

3.  Characterization  of  Effluents  from  the  Manufacture  of  RDX/I1MX 

The  surface  runoff  und  cooling  water  from  the  Area  B production 
facilities  are  discharged  into  ditches  which  lead  directly  to  the  Holston 
River.  Process  effluents  from  the  RDX/HMX  manufacture  Itself  are  discharged 
through  catch  basins  Into  Industrial  sewer  lines  which  empty  directly  into 
the  Holston  River  or  Arnott  Branch.  Holston  Defense  Corporation  routinely 
monitors  the  industrial  sewer  effluents  ss  well  as  the  Area  B water  inlet 
and  two  stations  on  the  Holston  River  downstream  from  Area  B. 

The  locations  of  the  sampling  statlona  for  Holston  AAP  Area  B 
industrial  effluents  are  shown  in  Figure  '£-2. 

- Station  BOIA  is  located  at  the  Area  £ pumping  station  and 
monitors  the  quality  of  the  inlet  water. 

- Station  B02B  is  locatad  at  Manhole  Mo.  300  where  the  under- 
ground industrial  sewer  line  emerges  into  an  open  ditch. 

This  line  carries  process  effluents  from  Buildings  C through 
N on  lines  6 and  7,  The  flow  rate  at  this  station  was  esti- 
mated to  be  between  0.5  and  1,5  MGD  in  1976  and  1977 

(Hash,  1978). 

- Station  B02A  is  located  directly  on  the  Holston  River  at 
the  end  of  Industrial  sewer  line  No,  302.  This  line 
serves  Buildinga  G through  N on  lines  1 through  5.  Flow 
rates  from  sawer  line  No,  302  were  estimated  to  be  between 
0.5  and  1.0  MOD  in  1976  and  1977  (Hash,  1978). 

- Station  BU3B  is  located  on  Arnott  Branch.  The  industrial 
effluents  from  the  C and  D Buildings  of  lines  1 through  5, 
the  B Buildings,  the  A-l  ammonia  recovery  still  and  the 
nitric  acid  facilities  flow  directly  into  Arnott  Branch. 

The  flow  at  tha  B03B  station  is  v 20-22  MGD  (Hash,  1978). 

This  number  represents  a total  combined  flow  rate  of  the 
process  effluents  and  Arnott  Branch.  The  upstream  Branch 
flow  is  12  MGD.  Process  effluent  flow  rate  averages  be- 
tween 8 and  10  MGD. 

Station  B01B  is  at  Igloo  Bridge  on  the  Holston  River 


down  stream  from  the  entry  of  Arnott  Branch. 


I - Station  BOIC  is  at  Churchill  Bridge,  downstream  from 

r Ho Is ton  AAP  Area  B. 

I 

The  flow  of  the  Holston  River  varies  considerably  within  a twenty- 
four  hour  period  due  t n the  intermittent  releases  from  Ft.  Patrick  Henry  Dam 
(Sullivan  at  at.,  1977).  This  intermittent  variation  in  river  flow  condi- 
tions influences  the  ability  of  the  river  to  dilute  HAAP  Area  B wastes.  The 
dilution  factor  has  bean  shown  to  vary  by  12  over  a two  hour  period  (Sulli- 
van et  at.  , 1977).  In  addition  to  the  flow  variation,  dye  tracer  studies 
have  shown  that  the  mixing  of  the  North  and  South  Forks  is  not  complete 
until  mile  137  (v  1 mile  down  stream  from  Arnott  Branch).  Thus  the  North 
and  South  Forks  behave  aa  two  contiguous  streams  occupying  the  same  river 
bed  from  the  point  of  convergence  to  mile  137  (Sullivan  et  at.,  1977).  The 
result  is  widely  differing  water  qualities  on  the  North  and  South  banks  of 
the  River  and  relatively  little  dilution  of  HAAP  Area  B wastes  for  at  least 
one  mile  downstream. 

Many  studies  have  been  conducted  to  determine  the  various  levels 
of  discharges  from  Holston  AAP  and  their  effects  on  the  Holston  River 
(Sullivan  et  at.  , 1977;  Bander  at  at . , 1977;  Patterson  at  at.  , 1976b;  Huff 
at  at.,  1975;  USAEHA,  1972;  USAEHA,  1971;  Heidelberger,  1971).  The  reader 
is  referred  to  the  original  documents  for  earlier  sampling  data.  Analyses 
for  1976  and  1977  are  presented  in  Tables  1-5  and  1-6.  Inspection  of  these 
tables  shows  the  following; 

1.  Of  the  compounds  of  interest  to  this  study,  only  cyclohexanone 
is  monitored  on  a regular  basis. 

2.  The  water  quality  of  the  effluent  streams  varies  widely 
throughout  the  year  (Table  1-5)  and  even  during  biweekly 
sampling  (Table  1-6), 

3.  As  would  be  expected,  cyclohexanone  appears  in  streams  B02A 
and  B02B  which  contain  the  effluents  from  the  G Recrystalliza- 
tion Building  and  the  H Dewatering  Building.  RDX,  KMX  and 
TNT  were  also  found  in  the  largest  quantities  in  these  two 
streams. 

4.  Nitrates  are  predominant  in  stream  B03B. 

Estimates  of  the  amount  of  explosives  and  related  compounds  dis- 


\ charged  from  HAAP  at  production  levels  of  275  tons/day  of  Composition  B have 

jj  been  made  by  Patterson  et  at.  (1976b).  These  estimated  discharges  are: 


Tal, | c 1—5.  Water  Quality  Data  Sunaaary  (1976-1977)  - Area  B Holaton  AAT*  (HDC,  1978). 


Table  1-6.  Hater  Quality  Data  for  1977  - Area  B Ilolston  AAP  (IlDC,  197 
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RDX 

HHX 

TNT 

Hexamine 

Solvents 


124  lb/day 
45.2  lb/day 
81,8  lb/day 
30  lb/day 
1230  lb/day 


0.451  lb/ton  of  product 
0.164  lb/ ton  of  product 
0.297  lb/ton  of  product 
0.109  lb/ ton  of  product 
4.47  lb/ ton  of  product 


From  these  numbers,  discharges  at  full  mobilication  (”v  750  tons  of  product/ 
day)  can  be  estimated  as  follows: 


RDX 

HMX 

TNT 

Hexamine 


<*  340  lb/day 

* 123  lb/day 

* 225  lb/day 
* 75  lb/day 


Solvents  - 'v  3352  lb/day 


These  numbers  represent  minimum  discharge  'levels.  Other  estimates  of  dis- 
charges at  full  mobilization  are  significantly  higher.  For  example, 
Epstein  et  at.  (1976)  estimated  the  TNT  discharge  from  Holston  at  full 
mobilization  to  be  650  lb/day. 


4.  Future  Effluent  Treatment  Plans 


Currently  all  Holston  AAP  Area  B wastes  enter  the  Holston  River 
without  any  pratreatment.  In  1973,  Clark,  Dietz  and  Associates-Engineers , 
Inc.  was  awarded  a contract  to  design  a wastewater  treatment  facility  for 
Area  B process  effluents.  During  this  investigation,  .Area  B wastes  were 
collected  for  evaluation  of  biological  treatability  by  Purdue  University. 
These  studies  showed  that  activated  sludge  systems  were  not  suited  for 
treatment  of  Area  B wastes  due  to  formation  of  filamentous  growth.  Studies 
on  the  ammonia  recovery  bottoms  indicated  that  this  stream  could  not  be 
treated  biologically  or  chemically.  Wet-oxidation  was  recommended  for 
treatment  of  this  stream.  For  treatment  of  general  Area  B wastewaters, 
Clark-Dietz  (Hash  et,  at,  , .1977)  recommended  a fixed-film  denitrification 
(submerged  anaerobic  filters)  and  aerobic  fixed-filter  reactors  (trickling 
filters).  However,  sufficient  information  was  not  obtained  from  these 
studies  for  final  design. 

In  1974,  Holston  Defense  Corporation  was  awarded  a contract  for 
pilot  scale  verification  of  the  system  recommended  by  Clark-Dietz.  This 
pilot  unit  was  also  to  evaluate  the  effect  of  Area  A wastes  on  the  treatment 
process.  As  a result  of  this  pilot  study,  a three  stage  biological  treat- 
ment system  was  recommended  to  treat  combined  Area  A and  B wastes  with  the 
exception  of  the  ammonia  recovery  bottoms  (Hash  et  at.,  1977).  This 
facility  would  consist  of 

- anaerobic  tower 

- trickling  filter 

- activated  sludge 

The  best  performance  in  the  pilot  study  was  observed  with  a trickling 
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filter  end  activated  sludge  systems  in  series  while  operating  at  a 6 hour 
aeration  time  (Hash  at  at, , 1977). 


In  this  pilot  study,  RDX,  HMX  and  TNT  in  the  wastes  were  not  toxic 
to  the  microorganisms.  However,  complete  removal  of  these  compounds  would 
not  e expected  in  the  treatment  facility.  Tertiary  treatment  will  be 
necessary  to  comply  with  1983  EPA  standards. 

Plans  are  currently  underway  to  build  the  biological  treatment 
facility  at  Holston  AAP.  The  site  of  this  facility  if  shown  in  Figure  1-2. 

A pipeline  which  will  take  the  process  effluents  to  the  treatment  facility 
is  already  under  construction.  This  biotreatment  facility  will  be  capable 
of  handling  the  12.5  MGD  process  effluents  which  would  result  during  full 
mobilization  (Hash  at  at.  , 1977). 

Tertiary  treatment  processes  for  removal  of  RDX,  HMX  and  TNT  were 
investigated  by  Jackson  at  at,  (1976).  Processes  which  were  evaluated  in- 
clude anaerobic  biodegradation,  chemical  oxidation,  coagulation,  reverse 
osmosis,  polymeric  adsorption  and  carbon  adsorption.  Anaerobic  biodegrada- 
tion, chemical  oxidation  and  activated  carbon  adsorption  removed  100%  of  the 
RDX  and  HMX  from  solution. 

Due  to  the  toxicity  of  the  Ammonia  Recovery  bottoms  in  Che 
original  study  (Clark-Dietz,  1974),  several  studies  have  been  conducted  to 
determine  the  best  method  of  treating  this  waste  stream. 

1.  Met  oxidation  was  found  to  be  an  effective  treatment  method, 
however,  the  cost  is  prohibitive  (Hash  at  al,  , 1977). 

v 

2.  A distillation  method  for  concentration  of  hexamine  to  15  to 
30  wt  X was  proposed  by  Campbell  (1976).  The  results  are  based  on  theory 
and  proposed  methodology  has  not  been  piloted. 

3.  Studies  on  biological  nitrification/denitrification  of  the  A-l 
effluent  showed  chat  formaldehyde  (<180  ppm)  and  hexamine  (<500  ppm)  would 
not  inhibit  nitrif ication/danitrification.  However,  the  methylaijrines  and 
copper  were  toxic  to  the  microorganisms  (Adams  and  Whiting,  1976).  The 
authors  recommended  addition  of  ethylanediamlnetetracatic  acid  (EDTA)  to 
eliminate  the  copper  toxicity  and  pretreatment  with  aerobic  bacteria  to 
eliminate  the  methylamine  toxicity.  A 1/10  dilution  was  also  recommended 
before  this  effluent  enters  the  general  biotreacment  facility. 

In  general,  it  appears  chat  a single  biotreatment  facility  will 
not  lead  to  water  of  sufficient  quality  to  meet  the  1933  EPA  standards. 

RDX,  HMX,  TNT,  SEX,  TAX,  hexamine  and  the  me  thy 1 amines  appear  to  be  the 
major  problems  to  meeting  the  1983  EPA  standards. 
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B.  TOT  Manufacture 

1 , 3-dinitrobenzene  and  1,3,5-trinitrobenzene  are  minor  impurities 
in  the  TOT  product.  They  are  also  found  in  and  resulting  from  the 
effluents  from  the  TOT  and  DNT  manufacture,  blending  and  loading  operations. 
TOT  manufacturing  facilities  are  located  at 

- Radford  AAP  (RAAP) , Radford,  Virginia 

- Newport  AAP  (NAAP) , Newport,  Virginia 

- Joliet  AAP  (JAAP),  Joliet,  Illinois 

- Volunteer  AAP  (VAAP),  Chattanooga,  Tennessee. 

TOT  is  blended  with  RDX  or  HMX  and  ocher  ingredients  at  Holston  AAP  in 
Kingsport,  Tennessee.  TOT  and  TOT  blends  are  loaded  at  the  following  LAP 
plants : 

- Cornhusker  AAP  (CAAP) , Grand  Island,  Nebraska  (Inactive) 

- Iowa  AAP  (IAAP),  Middletown,  Iowa 

- Joliet  AAP  (JAAP),  Joliet,  Illinoifl  (Inactive) 

- Kansas  AAP  (KAAP),  Parsons,  Kansas 

- Lone  Star  AAP  (LSAAP),  Texarkana,  Texas 

- Louisiana  AAP  (LAAP),  Shreveport,  Louisiana 

- Milan  AAP  (MAAP) , Milan,  Tennessee 

1.  Manufacturing  Facilities 

TNT  Is  manufactured  by  either  a batch  or  the  CIL  continuous  pro- 
cess. The  batch  process  is  being  phased  out  and  the  batch  lines  replaced 
with  continuous  lines.  Each  TNT  line  is  capable,  of  producing  100,000  lb 
of  TNT  per  day.  Newport  AAP  has  four  continuous  lines;  Joliet  has  three 
batch  and  six  CIL  continuous  lines;  Volunteer  has  six  botch  and  six  CIL 
continuous  lines;  and  Radford  is  installing  2 continuous  lines  to  replace 
thosa  damaged  in  a May  1974  explosion.  Currently,  no  TNT  is  being  pro- 
duced in  the  United  States.  The  most  recant  production  was  at  Volunteer 
AAP  which  had  one  line  in  operation  until  March  1077,  However,  upon  com- 
pletion of  the  two  lines  at  Radford  AAP,  production  of  TNT  is  expected  to 
resume  at  Radford  AAP  (Epstein  At  al.,  1976). 


TNT  is  manufactured  by  the  successive  nitration  of  toluene  with 

oleum. 


The  two  processes  used  in  this  manufacture  are  shown  schematically  in  Figures 
1-12  and  1-13.  Since  the  batch  process  is  being  phased  out,  it  will  not  be 
described  in  detail  in  this  report. 


In  the  CIL  continuous  process,  the  nitration  is  carried  out  in  six 
nltrator-separators.  The  process  utilizes  countercurrent  flow  of  toluene  and 
the  nitrating  acids.  The  crude  TNT  oil  is  slurried  with  water  and  the  excess 
acid  neutralized  with  sodium  carbonate.  The  wash  water,  called  "yellow  water", 
contains  acids  and  soma  nitrogen  containing  compounds.  Purification  of  the 
crude  TNT  is  accomplished  by  the  Sellice  process.  In  the  Selllte  purifica- 
tion, the  TNT  is  washed  with  sodium  sulfite.  During  this  wash,  TNT  isomers 
having  « nitro  group  in  the  mete  position  (i.e.  6-TNT,  y-TNT  or  3-TNT)  react 
to  form  the  sodium  salt  of  the  3-sulfonic  acid  derivatives  and  sodium  nitrite. 


With  t&tranltromethane,  sodium  sulfite  reacts  to  form  sodium  trinitromethane 
sulfonate: 

C(N02)4  + Na2S03  ) C(N02)3  S03Na  + NaNOj 

The  salts  formed  are  water  soluble  and  are  washed  from  the  TNT  with  water. 

The  resulting  water  is  called  "red  water."  Sodium  sulfite  does  not  react 
with  DNT,  trinitrobenzoic  acid  or  1,3-dinitrobenzene.  Thus  only  minor 
amounts  of  these  compounds  are  removed  by  the  wash  and  they  are  impurities 
in  the  TNT  product . 

Following  tic  Selliting  and  water  washing,  the  purified  TNT  is 
dried  in  hot  air.  Once  dried,  it  is  solidified  and  flaked  on  a water-cooled 
drum. 


The  CIL  continuous  process  differs  from  the  old  batch  process  in 
several  ways 

- water  is  used  in  place  of  sodium  carbonate  for  initial  acids 
removal 

- the  sellita  solution  is  prepared  directly  from  dry  sodium  sul- 
fite instead  of  by  a S02-carbonate  reaction 

- less  waste  water  is  generated  containing  lower  amounts  of 
nitrogen  containing  compounds 

A comparison  of  the  wastewater  generated  by  the  b.itch  and  CII.  process  is 
presented  in  Table  1-7  (Patterson  et  al.,  1976b). 

2.  Process  Effluent  Streams 

As  shown  in  Figures  1-12  and  1-13.  there  are  three  major  waste 
streams  from  TNT  manufacture. 
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Figure  1-12.  Manufacture  of  TNT  by  the  Batch  Process 
(Patterson  at  at,,  1976a). 
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Liquid  TNT 


Figure  1-13.  Manufacture  of  TNT  by  the  CIL  Continuous  Process 
(Patterson  et  xl.}  1976a) 
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Table  1—7.  Coaparison  of  the  Overall  Discharges  Resulting  from  the 
Production  of  TNT  by  the  Batch  and  CIL  Continuous  Process. 
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- spent  acid 

- yellow  water 

- Red  Water 

None  of  thcaii  streams  are  discharged  directly.  The  spent  acids  are  sen*:  to 
the  acid  recovery  unit.  The  yellow  water  is  returned  to  the  second  nitration 
or  combined  with  the  Red  Water.  Red  Water  is  disposed  of  by  evaporation-con- 
centration at  Volunteer  and  Joliet  AAP.  Newport  concentrates  the  waste  and 
incinerates  it.  Radford  sells  the  Red  Water  to  paper  mills. 

Pink  Water  arises  from  the  nitration  fume  scrubber  discharges;  Red 
Witter  distillates;  and  finishing  building  hood  scruober  and  washdown  efflu- 
ents. Some  Pink  Water  could  also  be  in  the  spent  acid  recovery  wastes 
(Patterson  et  at.,  1976b).  The  Pink  Water  streams  are  discharged  from  the 
AAP;  thus,  the  Pink  Water  represents  the  major  streams  in  which  1,3-dinicro  ■ 
benzene  and  1,3,5-trinitrobenzene  or  its  precursor  1,3,5-trinitrobeuzoic  acid 
cau  enter  the  environment  from  TNT  manufacture. 


C , Explosives  Blending  and  Loading  Ouerations 

1.  Explosives  Blending 

RDX,  HMX  and  TNT  are  blended  into  various  compositions  at  HAAP. 
Process  water  from  the  incorporation  buildings  is  flowed  through  catch  basins 
and  then  directly  into  the  Holstott  River.  This  incorporation  step  involves 
mixing  of  wet  RDX  or  HMX  with  other  ingredients  such  as  molten  TNT.  The 
excess  water  is  decanted  into  the  catch  basins  and  ultimately  to  the  Holston 
River.  Thus,  the  incorporation  step  is  a source  of  pollution  not  oaiy  from 
the  major  explosives  but  also  from  the  more  soluble  minor  impurities  such  as 
SEX,  TAX,  1,3-dinitrobenzene  and  1, 3,5-trinitrobenzene  in  these  explosives. 

2.  Explosives  Loading,  Assembly  and  Pack 

Explosives  containing  RDX,  HMX  and/or  TNT  are  loaded  at  seve.i  LAP 

plants 


- Jornhusker  AAP  (CAAP) 

- leva  AAP  (IAAP) 

- Joliet  AAP  (JAA?) 

- Kansas  AAP  (KAAP) 

- Lone  Star  AAP  (LSAAP) 

- Louisiana  AAP  (LAAP) 

- Milan  AAP  (MAAP) 

These  plants  all  generate  Pink  Water.  The  mission  and  she  Pink  Water  dis- 
posal at  each  of  these  plants  is  discussed  briefly  in  the  following  sections. 
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a. 


Cornhusker  AAP 


Cornhusker  AAP , located  in  Grand  Island,  Nebraska,  Is 
currently  inactive.  The  primary  mission  of  this  plant  is  loading  of  heavy 
munitions  including 

- eight-inch  shells  loaded  with  puro  TNT 

- 500- , 750-,  1000-lb  bomb  loaded  with  tri tonal 
(80S  TNT,  20%  flaked  aluminum) 

The  waste  water  volume  from  each  load  line,  is  estimated  be- 
tween 6,300  gallons  and  28,800  gallons  per  day.  This  water  is  disposed  of 
by  percolation  and  evaporation  in  tanks  and  basin  above  each  load  line. 

These  basins  have  no  outfalls  (Petr  arson  et  at,,  1976b). 

b.  Kansas  AAP 

Kansas  AAP,  located  in  Parsons,  Kansas,  melt-pours  RDX-TNT 
mixtures  into  81  mm,  105  mm  and  CBtJ  shells.  The  wastewaters  from  these 
operations  are  trucked  to  evaporation  ponds. 

c.  Lone  Star  AAP 

Pink  water  is  generated  in  four  areas  at  LSAAP  near  Texarkana, 
Texas.  The  effluent  from  the  Area  0 melt-pour  line  is  discharged  directly 
to  the  Red  Water  Lakes  (Patterson  at  at . , 1976b),  The  pink  water  from 
melt-pour  Areas  C,  2 and  G are  passed  through  anthracite  coal  to  remove  sus- 
pended solids.  This  water  is  then  reused.  Wh.m  the  TNT  concentrations 
become  .excessive,  the  water  is  trucked  tc  holding  ponds.  Carbon  adsorption 
treatment  facilities  for  pink  water  abatement  are  currently  under  con- 
struction at  LSAAP. 

d.  Louisiana  AAP 

Louisiana  AAP  is  located  in  Shreveport,  Louisiar.a,  Con- 
taminated water  ('v  138,000  gpd  containing  80  mg/1  TNT  at  full  capacity)  from 
shell  loading  is  trucked  to  leaching  ponds. 

«.  Milan  AAF 

Milan  AAP,  located  in  Milan,  Tennessee,  loads  a variety  of 
products  including  40,  60,  81,  90,  105,  106  mm  shells,  mines  and  grenades. 

The  wastewater  from  these  operations  are  discharged  into  a drainage  canal 
which  flows  to  surface  water.  Patterson  et  al>  (1976b)  estimated  that  the 
current  overall  daily  discharge  of  TNT  and  RDX  is  3.5  lK/day  and  2.7  lb/ day , 
respectively, 

f.  Iowa  and  Joliet  AAP 

Iowa  AAP,  located  in  Middletown,  Iowa,  loads  a variety  of 
shells.  Joliet  AAP , Joliet,  Illinois,  loads  medium  caliber  ammunition  in 
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addition  to  production  of  TNT.  The  LAP  vasndown  aod  scrubber  affluents  from 
these  plants  are  currently  being  treated  by  carbon  Adsorption.  The  waters 
are  collected  in  catch  basins,  filtered  through  diatomaceous  earth  then 
through  two  granulated  charcoal  columns.  The  affluent  from  the  columns 
is  discharged  to  surface  drainage.  A shematic  of  the  carbon  adsorption 
water  treatment  facility  i3  shown  in  Figure  1-14.  Performance  figures  for 
the  carbon  treatment  system  at  JAAP  are  presented  in  Table  1-8.  Although 
the  performance  of  the  system  has  been  good,  many  technical  and  cost  problems 
remain  to  be  resolved,  These  problems  include 

- clogging  of  the  diatomaceous  earth  filter  by  wax 

- effect  of  pH  and  minor  chemicals  on  Che  column 
efficiency 

- effective  maintenance  schedule 

- air  pollution  from  burning  of  the  used  carbon 

- efficient  carbon  regeneration  system, 

3,  Future  Pink  Wntar  Treatment 

Although  carbon  adsorption  is  currently  being  used  for  pink  water 
abatement,  the  ability  of  carbon  to  economically  treat  pink  water  at  full 
mobilization  Is  of  concern.  Other  destruction  methodologies  which  are 
being  investigated  include  (Patterson  at  al. , 1976c;  Tatyrek,  1976) 

- ozonolysin 

- solvent  extraction  using  toluene 

- reverse  osmosis 

- absorption  on  fly  ash 

- polymeric  ion  exchange  resins 

- bio  treatment 

- foam  separation 

- wet  oxidation 

- incineration 

- catalytic  wat  oxidation 

- composting  and  soil  disposal 

Most  of  these  treatment  meth  :dologlus  are  not  yet  sufficiently  developed  to 
determine  their  treatment  and  cost  effectiveness. 

D.  Disposal  of  Solid  Explosives  Wastes 

1.  Wastes  from  Explosives  Manufacturing 

Solid  RDX.  HMX  and  TNT  from  tha  manufacturing  and  blending  opera- 
tions at  HAAF  includs  orf-spac  material  and  solids  removed  from  the  catch 
basins.  TNT  solid  vast  as  are  also  generated  at  PAAP,  JAAP,  NAAP  and  VAAP 
when  these  plants  are  in  operation,  Currently  all  the  solid  wastes  from 
the  manufacturing  process  are  burned  in  open  burning  grounds.  This  burning 
leadu  both  to  air  pollution  problems  and  soil  contamination  problems. 
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Figure  1-14.  Schematic  of  Carbon  Adsorption  Treatment  of  Pink. 

Water  at  LAP  Plants  (Patterson  et  al.t  1976c). 


Table  1-8.  Performance  of  LAP  Wastewater  Treatment 
Joliet  AAP  (Patterson  et  dl . . 1976c K 


In  the  future,  each  plant  will  have  contaminated  waste  incinera- 
tors. Air  curtain  incinerators  are  scheduled  for  installation  at  HAAP.  An 
air  curtain  incinerator  is  already  in  operation  at  RAAP  for  burning  con- 
taminated wastes.  A rotary  kiln  explosives  waste  incinerator  was  installed 
at  RAAP  in  1977.  However,  it  does  not  meet  performance  specifications  and 
will  have  to  be  modified.  This  incinerator  should  be  operational  in  late 
1978  or  early  1979. 

2.  Wastes  from  Explosives  Loading  Operations 

Solid  wastes  from  explosives  loading  operations  include  spilled 
explosives  from  the  press  loading  operations  and  filtered  solids,  contami- 
nated dlatomacaous  earth  and  carbon  from  the  melt-pour  loading  operations. 
These  solid  wastes  are  currently  burned  in  open  burning  grounds.  Thus, 
they  present  a source  of  air  and  soil  pollution.  Incinerators  for  destroy- 
ing contaminated  solid  wastes  are  now  being  or  will  be  installed  at  the 
various  explosives  LAP  plants.  In  addition,  a carbon  regeneration  system 
ia  currently  being  piloted  at  Iowa  AAP.  This  system  is  a rotary  calclner 
(.Buckley  at  al.t  1977).  The  carbon  is  regenerated  in  three  zones 

- zone  1 - 110*C  to  dry  the  carbon 

- zone  2 - 300° C to  decompose  the  TNT 

- zone  3 - 1500*C  CO2  and  steam  to  regenerate  the  carbon 


The  process  gives  good  carbon  recovery  and  adsorptive  capacities.  If 
successful,  similar  units  will  probably  be  Installed  at  other  LAP  plants 
using  carbon  treatment  of  pink  water. 

3.  Disposal  of  Outdated  Explosives 

Large  shells  are  drilled,  then  heated  to  remelt  the  explosives  in 
order  to  empty  the  shell.  The  resultant  explosives  are  then  burned  in  open 
burning  grounds.  Small  shells  are  incinerated  in  incinerators.  At  present 
explosive  shells  or  the  explosives  are  not  reused. 

Future  disposal  of  outdated  explosive  shells  will  be  carried  out 
at  Hawthorne,  Nevada,  Hawthorne  is  scheduled  to  be  operational  in  1980. 
This  facility  will  be  the  primary  location  for  all  demilitarization  of  out- 
dated material.  It  is  also  anticipated  chat  there  will  be  more  effort  ex- 
pended on  the  reuse  of  outdated  explosives  and  shells  in  the  future. 
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SUMMARY 


Hexamine  is  one  of  Che  starting  materials  used  In  the  production  of 
the  explosives  RDX  and  HMX  at  Holston  Army  Ammunition  Plant.  This  chemical 
Is  purchased  from  civilian  manufacturers.  Army  purchase  of  hexamlne  has 
averaged  31  million  lb  per  year  over  the  last  eight  years  with  a high  and  low 
yearly  purchase  of  65  million  lb  and  4 million  lb.  Over  the  same  period 
civil.-' *n  production  of  hexsaine  has  averaged  88  million  lb/year  with  a high 
yearl  production  of  145.9  million  lb  and  a low  of  47.4  million  lb.  As  the 
Army's  need  for  RDX  and  HMX  has  declined  during  peacetime,  their  purchase  of 
hexamlne  has  also  declined.  In  1975,  Holston  AAP  purchases  only  accounted 
for  321  of  the  civilian  production  of  hexamlne.  However,  if  full  mobiliza- 
tion were  to  occur,  the  Army's  needs  would  be  'v  751  (154  million  lb/year)  of 
the  current  civilian  production  capacity. 

Hexamlne  is  a reactive  heterocylic  fused  ring  compound  produced  by 
the  condensation  of  formaldehyde  and  ammonia.  Currently,  there  are  6 civilian 
manufacturers  of  hexamlne  with  a total  capacity  of  154  million  lb/year.  The 
major  civilian  use  of  hexamlne  is  as  a methylenating  agent  for  crosslinking 
in  thermosetting  phenolic  resins.  It  is  also  uced  as  an  intermediate  in  the 
production  of  nitrllotriacatlc  acid,  as  an  accelerator  in  the  rubber  Industry, 
a urinary  antiseptic,  etc. 

Due  to  the  use  of  hexamine  as  a urinary  antiseptic,  its  mammalian 
toxicological  properties  have  been  thoroughly  studied.  Hexamlne  exhibits  low 
toxicity  In  acute  doses  (LD50  mice  is  9200  mg/kg).  Chronic  studies  with  mice, 
rats  and  dogs  showad  no  effects  at  low  doses  and  only  slight  growth  rata  re- 
duction at  higher  doses.  Early  reports  of  carcinogenesis  due  to  hexamlne 
have  been  disproved.  No  mutagenic  effects  were  found  in  mammals.  However, 
incroased  perinatal  deaths  and  growth  retardation  were  noted  in  beagle  pups 
whose  mothers  received  high  doses  of  hexamine  (1250  ppm  in  faed) . 

In  the  environment  hexamine  itself  is  relatively  non-toxic  to 
aquatic  organisms  nnd  plants  (96  hr  LC50  for  fathead  minnows  is  > 200C  ?"m) . 
Howaver,  under  acid  conditions  or  microbial  attack,  hexamine  breaks  down  into 
ammonia  and  formaldehyde.  Formaldehyde  is  highly  toxic  to  aquatic  organisms 
(96  hr  LC50  for  fingerling  bass  in  18  ppm).  Several  microorganisms,  mainly 
Pseudomonas  sp.  are  capable  of  degrading  formaldehyde,  and  it  gradually 
dlsasnears  from  tha  aquatic  environment. 

Some  pollution  from  hexamlne  occurs  in  the  production.  Most  of  the 
manufacturers  recycle  their  production  water;  however,  some  concentrate  the 
water  and  dump  it  into  the  municipal  sewage  treatment  plants.  Microorganisms 
in  these  sewage  plants  should  efficiently  degrade  the  hexamine.  Pollution  of 
hexamine  itself  from  civilian  usage  is  almost  non-existent.  Therefore,  the 
actual  pollution  of  hexamine  from  the  civilian  sector  is  minor. 

Holston  AAP  is,  however,  a large  pollutur  of  hexaaiine.  Approximately 
30  lb  per  day  enter  the  Holston  River  from  each  C-Building  (Hexamine  Mixing 
Buildings)  in  operation.  When  the  A-l  Building  still  is  in  operation,  *v  21,000 
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gallons  par  day  of  water  containing  2000  ppm  hexamine  Is  discharged  Into  Arnott 
Branch  and  the  Hols  ton  River.  Concentrations  of  hexamine  In  Arnott  Branch  could 
reach  5 ppm.  Ammonia  and  formaldehyde  concentrations  from  breakdown  of  hexamine 
could  be  as  high  as  6.9  ppm  and  2.6  ppm.  These  concentrations  are  above  the 
safe  levels  for  protection  of  the  aquatic  environment. 

Any  further  literature  evaluation  studies  on  hexamine  general  mam- 
malian toxicity  should  ba  a low  priority,  ii'  pregnant  female  workers  are  ex- 
posed to  hexamine,  additional  evaluation  of  teratogenic  effects  should  ba 
undertaken.  Aquatic  toxicity  studies  of  hexamine  should  also  be  a low  priority. 
Instead,  effort  should  concentrate  on  an  affective  treatment  process. 

Studies  have  shown  that  the  biotreatment  facilities  scheduled  for 
Installation  at  Holston  AAF  will  not  handle  the  hexamine  load  from  the  A-l 
still.  One  possible  method  for  treatment  of  these  wastes  is  to  combine  them 
with  the  discharges  from  the  Area  A stills  and  treat  the  combined  effluent  in 
an  aerobic  biotreatment  pond.  Paeudbmonaa  sp.  of  bacteria  grown  from  activated 
ttludga  are  capable  of  assimilation  of  both  these  formaldehyde  containing  wastes. 
Further  treatment  could  than  be  provided,  if  needed,  by  the  central  biotreat- 
m*nt  facility. 


FOREWORD 


This  report  details  tha  rasults  of  a preliminary  problem  definition 
study  on  haxamine.  Tha  purpose  of  this  study  was  to  determine  the  Army's' 
responsibility  for  conducting  further  research  on  hexamine  in  order  to  deter- 
mine its  toxicological  and  environmental  hazards  so  that  effluent  standards 
can  be  recommended.  In  order  to  determine  tha  Army's  responsibility  for 
further  work  on  haxamine, tha  military  and  civilian  usage  and  pollution  of 
this  chemical  ware  evaluated,  In  addition,  a preliminary  overview  of  toxi- 
cological and  environmental  hazards  was  conducted. 

Kaxamine  was  only  one  of  48  chemicals  evaluated  under  Phase  IA  of 
contract  No.  DAMD17-77-C-7057.  These  chemicals  are  grouped  in  four  categories 

- explosives  related  chemicals 

- propellant  related  chemicals 

- pyrotechnics 

- primers  and  tracers 

Each  category  is  a major  report.  Section  I of  each  report  is  an  overview  of 
the  military  processes  which  use  each  chemical  and  the  pollution  resulting 
from  the  uee  of  these  chemicals.  The  problem  definition  study  reports  on 
each  chemical  are  separable  sections  of  these  four  reports. 

In  addition  a general  methodology  report  was  also  prepared.  Tills  report 
describes  tha  search  strategy  and  evaluation  methodology  utilized  for  this 
study. 


-71- 


(II— 5 ) 


I 


TABLE  OF  CONTENTS 


Page 


Summary 

Forword 


Alternate  Names 


Physical  Properties 
Chemical  Properties 


General  Reactions  . . . 
Environmental  Chemistry 
Detection  and  Analysis  . 


11-11 

11-11 

11-12 

11-13 


Uses  of  Hexamine  in  Munitions  Production  .........  11-13 


Purpose  and  Quantities  Used  

Occurrences  of  Hexamine  in  Aqueous  Effluents 


Uses  in  the  Civilian  Community  > 

1.  Production  Methodology  ....  

2.  Manufacturers,  Production  and  Capacity  

3.  Usab  

4.  Future  Trends  ...  

5.  Documented  or  Speculated  Occurrences  in  the  Environment 

Comparison  of  the  Civilian  and  Military  Uses  and  Pollution 
of  Hexamine  


11-13 

11-15 

11-16 

11-16 

11-16 

11-18 

11-19 

11-19 


11-20 


Toxicological  and  Environmental  Hazards  . , 11-20 


Effects  of  Hexamine  on  Man  

Toxicity  of  Hexamine  to  Mammals  . . . , 

a.  Acute  Toxicity  

b.  Chronic  Toxicity  

c.  Teratogenicity  and  Mutagenicity  . . 

d.  Carcinogenicity  

Aquatic  Toxicity  .....  

Toxicity  to  Invertebrates  

Microorganism  Toxicity  • 

Phytotoxicity  .....  

Environmental  Fate . . . . 

Availability  of  Literature  for  Phase  II 


Regulations  and  Standards  .... 

1.  Air  and  Water  Acts  ..... 

2.  Occupational  Standards  , . , 

3.  National  Cancer  Institute  , 

4.  Department  of  Transportation 
Conclusions  and  Recommendations  . 


11-20 

11-21 

11-21 

11-21 

11-23 

11-23 

11-26 

11-28 

11-28 

11-28 

11-29 

11-29 

11-29 

11-29 

11-29 

11-30 

11-30 

11-30 


References  11-33 


-7  3- 


(II-7) 


Table  of  Contents 
(Continued') 

LIST  OF  TABLES 

Number  iSge 

1 Physical  Properties  of  Hexamine 11-10 

2 Comparison  of  Current  Spectrometric  Analytical  Methods 

for  Formaldehyde  .....  .......  11-14 

3 Hexamine  Purchase  and  Concurrent  RDX/HMX  Production  ;*  . , . 11-15 

4 U.S.  Hexa'.^ne  Production,  1965  to  1976  in  Million  Pounds  . 11-16 

5 Current  Manufacturers  of  Hexamine  ...  .....  11-18 

6 Chronic  Toxicity  of  Hexamine  on  Mammals  11-22 

7 Teratogenic  and  Mutagenic  Effects  of  Hexamine  .......  11-24 

8 Carcinogenicity  Studies  with  Hexamine  . . 11-25 

9 Toxicity  of  Formaldehyde  to  Aquatic  Animals  11-27 

10  Toxicity  of  Hexamine  to  Microorganisms . 11-28 

LIST  OF  FIGURES 

Number  Page 

1 Infrared  Spectrum  of  Hexamine 1 1-9 

2 Manufacture  of  Hexamethylenetetramine  II-1» 


II.  HEXAMINE 


A.  Alternate  Names 

Hexamine  possesses  a heterocyclic  fused  ring  stricture: 


It  has  a molecular  formula  of  C^Hx2^4  corresponding  to  a molecular  weight  of 
140.1  g/mole . The  utilisation  of  hexamine  by  the  pharmaceutical  and  plastics 
Industries  has  resulted  in  a variety  of  alternate  names  for  this  compound. 

These  alternate  names  are  listed  below: 

CAS  Registry  No.:  100-97-0 

Replaces  CAS  Registry  No.(S):  7465-79-4:  11103-67-6;  15442-65-6; 

15978-33-3;  56549-34-9 

CA  Name  (9  Cl) : 1 ,3 ,5 ,7-tetraaaatricyclo(3.3 .1. 1,3 »7) decane 

CA  Name  (8  Cl):  hexamethylenetetramine 

Wlswesser  Line  Notation:  T66  B6  A B-  C IB  I BN  DN  FN  HNTJ 
Synonyms:  Aceto  HMT;  Aminoform;  Aminoformaldhyde;  Ammofonn;  Ammonio- 
fortnaldehyde;  Antihydral;  Cystogan;  Duirexol;  Ekagon  H; 
Formamine;  Formin;  HEXA;  Herax  UTS ? Heterin;  Hexa-flo-pulver ; 
Hexaform;  Hexamethylenamine;  Hexamine:  Hexasan:  HMTA;  Methen- 
nmin;  Methenamine ; Preparation  AF;  1 ,3  a5 ,7 -tetraazr.adamantane ; 
Uramin;  Uratrine;  Uritone;  Urodeine;  Urotropin;  Urotropine; 
Xametrln 

B.  Physical  Properties 

The  physical  properties  of  hexamine  ar*  presented  in  Table  II-l.  The 
infrared  spectrum  ot  nexamlne  ts  3hown  in  Figure  ll-l. 
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Table  II-l.  Physical  Properties  of  Hexamine* 

Physical  Fora  0 20*C: 

solid  powder 

Co  lor; 

white 

Odor: 

mild  ammoniacal 

Taata : 

sweet 

Crystalline  Fora: 

rhombic  dodecahedrons  when  pure 

M.P.: 

sublimes  at  260-263*0  with  partial  decompo- 
sition 

sublimes  at  230-27Q®C  in  vacuum  in  presence 
of  hydrogen 

B.P, : 

sublimes 

Crystal  Density: 

1.35  g/cc  (J  20aC 

1.331  g/cc  0 -5'-'C 

Flash  Point: 

250®C  closed  cup 

Flammability: 

Burns  with  smokeless  flame  when  exposed 
to  fire 

Auto ignition  Temperature: 

> 370® C 

Heat  of  Combustion: 

-7400  cal/g 

Solubility: 

water  - 150  g/100  g 0 20®C 

46,5  g/lOC  g i?  25®C 

methanol  - 7.25  g/100  g 0 20°C 

ethanol  - 2.89  g/100  g <§  20®C 

carbon  tetrachloride-  0.85  j/100  g @ 20®C 

chloroform  - 13.4  g/100  g @ 20*C 

ethyl  ether  - 0.6  g/100  g @ 20®C 

precipitates  from  aqueoua  ammoniacal  solutions 


* 

Data  taken  from  the  following  references: 

Hawley,  1977;  Windholz,  1976;  Sax,  1976;  Seidell,  1928; 
Walker,  1975. 
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Figure  II-l.  Infrared  Spectrum  of  Hexamine  (Pouchert,  1970). 


C.  Chemlcel  Properties 

1.  General  Reactions 

Hexamine  possesses  a high  degree  of  symmetry  similar  to  a tetra- 
hedron. 


Tetrahedron 


Hexamlne 


A direct  result  of  this  symmetry  is  the  equivalence  of  the  skeletal  bonds. 
In  spite  of  the  ai  >arent  complexity  of  nexamine,  it  is  a simple  molecule. 


Probably  one  of  the  most  important  reactions  of  hexamine  is  its 
decomposition  in  acidic  aqueous  solution  to  form  ammonia  end  formaldehyde. 
This  reaction  also  occurs  upon  heating  of  aqueous  hexamine  solutions  to  tem- 
perature greater  than  50°C. 


H+, 


C JL  Jf, 


h2° 


6 12  4 or  H20,  T>  50°C 


-*  4NH. 


0CH2O 


With  prolonged  heating  of  hexamine  in  aqueous  HC1,  methylamlne  salts  are 
formed. 
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C6EA  + HCl(a**> 


->  4CH3NH3  Cl 


During  this  reaction  an  unfavorable  equilibrium  involving  bis  (cbloromethyl) 
ether  is  established. 


2HC1  + 2CH20 


ClCH2-0-CH2Cl  + HC1 


Hexamine  forms  crystalline  salt  with  both  inorganic  and  organic  acids.  Addi- 
tion products  are  formed  with  many  halogenated  organic  compounds . These  addi- 
tion compounds  form  crystals  having  the  following  formula: 

C6H12N4  * R3X 

Hexamine  can  be  nitrated,  nitrosatad  or  acetylated  under  anhydrous 
conditions  to  form  s-triazine  derivatives,  this  type  of  reaction  Is  the 
basis  for  RDX/HMX  synthesis  by  the  Bachoar.n  process.  In  this  procedure, 
ammonium  nitrate  and  acetic  anhydride  ere  added  to  the  reaction  mixture.  The 
result  la  a doubling  of  the  stoichiometric  yield  of  RDX  over  straight  nitrat- 
ion  (Fleser  and  Fieser,  1967). 

C6H12N4+' 4HN03+  2nH4N03+  6(CH3C0)2-^  2C3H606N6+  12CH3COOH 

Moat  other  synthetic,  industrial,  and  medicinal  chemistry  of  hex- 
amine  takes  advantage  of  hexamlne'a  ease  of  hydrolysis.  It  is  used  as  a 
convenient  source  of  in  situ  formaldehyde,  unmonia,  or  one  nitrogen  fragments. 

2.  Environmental  Chemistry 

The  moat  important  reaction  of  hexamine  from  an  environmental  stand- 
point is  its  decomposition  to  formaldehyde  and  ammonia.  Russian  inv-stlgators 
(Kraeovekii  and  Fridlyand,  1967)  monitored  the  formation  of  formaldehyde  in  a 
stagnant  reservoir  containing  1 mg/1  of  hexamine  at  pH  6,5.  They  found  im- 
permissibly high  levels  of  formaldehyde  formed  under  these  conditions.  However, 
the  effect  on  a flowing  river  3uch  as  the  Holston  River  would  be  expected  to  be 
much  less  than  that  on  a stagnant  reservoir,  Other  studies  also  indicate  that 
certain  Pseudomonas  species  are  able  to  assimilate  formaldehyde  (Kitchens  et  at,, 
1976). 

A potentially  Important  environmental  reaction  is  the  formation  of 
dinicrosopentaaethylenetetramine  and  trinitrosotrimathylenatriamine  with  nitrous 
acid.  Only  laboratory  evidence  of  the  formation  of  these  compounds  is  available. 
They  have  not  been  shown  to  form  in  the  environment. 

Since  hexamine  is  not  volatile,  it  would  not  be  expected  to  be  a 
major  air  pollutant.  However  some  hexamine  could  enter  the  atmosphere  as  an 
aerosol  or  dust  or  as  the  formaldehyde  decomposition  product.  No  material 
on  hexamine  atmospheric  photochemistry  was  uncovered.  However,  the  atmosph- 
pheric  photochemistry  of  formaldehyde  has  been  extensively  studied  (Purcell 
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and  Cohen,  1967);  Bufallni  et  al.,  1972).  The  half-life  of  formaldehyde  in 
Che  absence  of  N02  is  ^50  minutes.  In  the  presence  of  N02,  the  half-life 
drops  to  ^35  minutes  (Bufalini  et  al.,  1972).  Thus,  there  is  an  efficient 
mechanism  for  destruction  of  atmospheric  formaldehyde. 

3.  Detection  and  Analysis 

There  are  no  methods  available  for  quantitative  determination  of 
hexamine  which  are  both  specific  and  accurate.  Addition  compounds  with  metal 
salts  such  as  mercuric  chloride  and  derivatives  with  iodine-iodide  and  picrate 
are  specific  for  hexamine.  However,  these  methods  do  not  yield  reliable 
quantitative  results. 

Hydrolysis  of  hexamine  with  excess  sulfuric  acid 
2H2S04+  6H20  - 2 (NH^)  2 SO4  + 6CH20 

and  back  titration  of  the  acid  with  standard  sodium  hydroxide  has  been  pro- 
posed for  quantification  of  hexsmine  (Walker,  1975).  This  method  suffers 
trom  interferences  due  co  auias  or  bases  in  the  sample  and  time  consuming 
analysis  procedures. 

One  of  the  most  reliable  methods  for  hexamine  analysis  is  to  deter- 
mine the  amount  of  formaldehyde  released  upon  acid  hydrolysis.  This  method 
works  well  if  no  formaldehyde  or  sources  of  formaldehyde  are  present  In  the 
solution.  The  formaldehyde  released  can  be  determined  with  a variety  of 
methods.  The  most  commonly  used  methods  depend  on  the  formation  of  a colored 
formaldehyde  reaction  product.  The  various  colorimetric  methods  available 
and  their  sensitivity  are  presented  in  Table  11-2.  Chromotropic  acid  is 
the  moat  widely  usad  and  accepted  colorimetric  method.  Other  methods  for 
determining  formaldehyde  include 

- chemiluminescence  (Slawinsk a and  Siawinski,  1975) 

- atomic  adsorption  (Oles  and  Siggia,  1974) 

- polarography  (Whitnack,  1975). 

D.  Uses  of  Hexamine  in  Munitions  Production 
1.  Purpose  and  Quantities  Used 

Hexamine  is  one  of  the  starting  materials  for  the  manufacture  of 
RDX  and  KMX  at  Holston  AAP.  In  this  process  hexamine  is  nitrated  by  nitric 
acid /ammonium  nitrate  mixture  in  the  presence  of  acetic  anhydride  and  acetic 
tcid.  The  production  process  ot  RDX/HMX  is  descrioed  in*  detail  in  Section  I 
of  this  report.  Historical  purchase  of  hexamine  by  Holston  AAP  is  compared 
with  tuWHMX  production  in  Table  II-3. 
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Table  II-2.  Comparison  of  Current  Spectrometric  Analytical 
Methods  for  Formaldehyde. 
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Table  11-3.  Hexamlne  Purchase  and  Concurrent  RDX/HMX 

Production  (in  Thousands  of  Pounds)  (HOC,  1970) 


Hexamine  Purchase 

> 

12ZSL 

58,000 

1221 

40,800 

1211 

65,088 

1221 

37,340 

1221 

12,214 

1971 

20,001 

12Z& 

12,870 

1977 

3.974.6 

~ RDX  Production 

12,407 

114,486 

101,636 

102,777 

97,704 

45,854 

23,488 

11,138 

-HMX  Production 

2,639 

1,865 

3,533 

4,787 

2,502 

2,460 

1,391 

2,249 

Based 

on  1007.  yield, 

0.32  lb 

of  hexamine  are 

needed 

to  produce  1 

pound  of  RDX.  To  produce  1 pound  of  HMX,  0.2023  lb  of  hexamlne  are  necessary. 
Based  on  the  total  amounts  of  hexamlne  purchased  and  RDX  and  HMX  produced 
during  the  eight  year  period  from  1370  to  1977,  the  yield  for  RDX -HMX  Is 
This  number  is  in  good  agreement  with  the  reported  yields  of  657.. 
Differences  can  be  accounted  for  by  miscellaneous  products  and  losses  of 
RDX,  HMX  in  the  dewatering  and  recyclization  processes.  However,  —35-407.  of 
Che  hexamlne  ands  up  as  unwanted  by-products  such  as  SEX,  TAX,  the  methyl- 
amines,  etc. 

Current  usage  of  hexamlne  at  Holston  AAP  is  ^2  million  lb  per  month. 
At  full  mobilization,  114.8  million  lb  of  hexamlne  per  year  (9.6  million  lb 
per  month)  would  be  used  to  produce  211.7  million  lb/year  of  RDX/HMX  (17.64 
million  *b/month). 

2.  Occurrences  of  Hexamlne  in  Aqueous  Effluents 

The  only  discharges  of  purchased  hexamlne  occur  from  the  C-Buildings. 
The  hexamina  discharge  is  from  spills  and  building  wa9h  down.  According  to 
Green  (USAEHA,  1971),  30  lb  of  hexamlne  are  discharged  daily  in  17,000  gallons 
of  water  from  each  operating  C -Building.  At  full  mobilization,  three  C- 
Buildings  would  be  mixing,  hexamina.  Thus  ~9Q  lb  of  hexamine  would  be  dis- 
charged daily  in  52,800  gallons  of  water  from  these  buildings. 

The  hexamlne  effluents  from  the  C~Suilding  are  minor  compared  to  the 
hexamlne  discharge  from  the  A-l  ammonia  recovery  3till.  At  .a  feed  rate  of 
15  gpm,  this  still  discharges  ^21,000  gallons  per  day  to  Arnott  Branch  (USAEHA, 
1971).  This  effluent  contains  ^5,000  ppm  hexamina  (396  lbo  of  hexamine  dis- 
charge per  day)  (Adams  a^d  Whiting,  1976).  The  hexamine  is  formed  in  the 
column  by  reaction  of  fouialdehyde  and  ammonia  in  the  column.  This  reaction 
is  known  to  occur  under  the  conditions  found  in  the  column  - high  pressures, 
temperatures  and  the  presence  of  an  alkali  catalyst. 

Currently  the  A-l  still  operates  only  one  week,  every  fotir  months. 
However  at  full  mobilization,  the  A-l  still  would  operate  continuously.  Feed 
rates  would  probably  have  to  be  increased  to  21  gpm.  At  this  feed  rate, 

1250  lbs  per  day  of  hexamine  would  be  discharged  in  ~30,000  gallons  of  water. 
The  resulting  Holston  River  concentrations  would  be  0.072  mg/1  assuming  full 
mixing. 
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£.  Uses  in  the  Civilian  Community 

1.  Production  Methodology 

Current  industrial  production  of  hexamine  uses  a well  established 
process  which  has  remained  unchanged  since  the  late  fifties.  The  process 
involves  condensation  of  ammonia  and  formaldehyde.  The  reaction  proceeds 
almost  quantitatively  according  to  tha  following  equation: 

6CH20  + 4 NH3  - C6H12N4+6H20 

The  flow  sheet  for  tha  manufacture  of  hexamethylenetetramine  is  presented  in 
Figure  II-2  and  dascribad  below. 

(1)  Tha  reactor  fead  consists  of  ammonia  gas  and  a 377.  uninhibited 
formalin  solution. 

(2)  In  the  reactor,  this  mixture  is  controlled  to  a pH  of  7 to  8 and  a 
temperature  between  30  and  50 "C  to  prevent  decomposition  of  the 
product.  Temperature  control  is  maintained  by  a water  cooled  heat 
exchanger.  Conversion  takes  4 to  5 hours. 

(3)  Tha  reactor  affluent  is  passed  into  a vacuum  evaporator  where  the 
product  is  concentrated  and  excess  reactants  removed.  Addition 
of  ammonia  in  this  step  helps  to  prevent  decomposition  of  the 
hexamine.  Temperatures  are  maintained  at  ^50°C  to  aid  in  precipi- 
tation. 

(4)  The  slurry  from  the  evaporator  is  centrifuged,  washed  and  sent 
to  tha  drier.  Drier  temperatures  are  also  maintained  at  50 *C  or 
below. 

The  resultant  material  is  997.  hexamine  (technical  grade).  Recrystallization 
from  alcohol  yields  USP  grade  (99. 5«)  hexamine.  Total  yield  is  90  to  957. 
baaed  on  formaldehyde  used. 

2.  Manufacturers,  Production  and  Capacity 

Historical  production  figures  from  1965  to  the  present  are  listed  in 
Table  II-4.  They  show  a steadily  growing  market  until  tha  early  seventies 
when  decreased  military  activity  slowed  the  market  down. 


Table  11-4.  U.S.  Hexamine  Production,  1965 

to  1976  in  Million  Pounds (U.S.  Tariff  Commission) 

1965  1966  1967  1968  3^6.9  1970  1971  £972.  £2Z1  1974  1975 

49.3  78.8  84.3  96.8  97.0  76.6  47.4  95.2  100.7  145.9  61.6 
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Current  manufacturers,  hexamine  capacities,  and  production  locations 
are  presented  in  Table  II-5. 


Table  II-5.  Current  Manufacturers  of  Hexamine  (S.R.I.,  1977) 


Manufacturer  and  Location 


Capacity  (10°  lb/vear) 


Borden,  Fayetteville,  NC,  Demopolls,  Ala 

Grace,  Nashua,  N.H 

Hooker,  North  Tonawanda,  N.Y. ........... 

Plastics  Engineering,  Sheboygan,  Wis.... 

Tenneco,  Fords,  N.J.  

Wright  Chemical,  Riegelwood,  N.C.  ...... 

Total  


36 

30 

28 

8 

22 
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In  1974, E. I,  duPont  closed  a plant  at  Belle,  West  Virginia  with  a 12  million 
pound  per  year  capacity.  Union  Carbide  Chemicals  withdrew  from  the  hexamine 
market  in  1976,  closing  a 10  million  pound  facility  at  Bound  Brook,  N.J. 

W.  R.  Grace  manufactures  hexamine  solely  for  captive  use  in  the  synthesis  of 
nitrilotriacetic  acid,  an  industrial  chelating  agent.  Borden  Chemical, 

Hooker  and  Plastics  Engineering  use  hexamine  in  the  manufacture  of  phenolic 
resins.  These  manufacturers  also  ssll  hexamine.  Wrjgnt  Chemical  and  Tenneco 
sell  1002  of  their  hexamine  into  the  merchant  market. 

3.  Usages 

The  major  use  of  hexamine  in  the  civilian  sector  is  in  the  manu- 
facture of  phanolic  resins.  It  is  used  as  a methylenating  agent  for  cross- 
linking  in  thermosetting  resins.  Thest  phenolic  resins  are  widely  used  in 
the  automobile  and  housing  industries.  This  use  accounts  for  64%  of  the 
hexamine  currently  manufactured  in  the  United  States.  RDX/HMX  production 
accounts  for  13%  and  the  miscellaneous  uses  described  below  account  for  18%, 
(S.R.I.,  1977) 


Hexamine  is  used  as  a chemical  Intermediate  in  the  manufacture  of 
nitrilotriacetic  acid  (NTA) . Hexamine  is  treated  with  HCN  in  the  presence 
of  formaldehyde,  followed  by  hydrolysis  to  yield  NTA  salts 
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NTA  is  used  as  a chelating  agent  and  a builder  in  synthetic  detergents. 


Hexamine  is  also  used  as  an  accelerator  in  the  rubber  industry,  a 
urinary  antiseptic,  a metal  corrosion  inhibitor,  in  eolid  fuel  tablets,  as  a 
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fungicide  additive  to  prevent  chemical  "peel  burn"  in  citrus  fruits,  and  in 
the  textile  industry  for  improved  shrinkproofing,  dye  fastness,  and  fiber 
elasticity. 

4.  Future  Trends 

* 

As  the  housing  and  automobile  markets  improve,  civilian  demand  for 
phenolic  resins  should  increase.  These  resins  currently  account  for  the 
majority  of  hexamine  used  in  the  civilian  community  and  an  increase  in  their 
use  will  significantly  increase  hexamine  consumption. 

Recently  developed  applications  of  hexamine  include: 

- use  as  a deactlvetor  for  carriers  used  in  insecticide  dust 
formulations 

- as  a complex  former  in  the  recovery  of  phenolic  compounds 
from  coal  tars  and  oils 

• in  the  manufacture  of  catalyst  spheres  for  gasoline  reformation 

- aa  an  additive  to  lignin -reinforced  rubber 

Regardless  of  any  forseaable  increase  in  civilian  demand  for  hexa- 
mine, the  severely  reduced  military  use  during  peace  time  guarantees  sub- 
stantial spare  capacity  in  tha  future. 

5.  Documented  or  Speculated  Occurrences  in  the  Environment 

Environmental  discharge  of  hexamine  from  manufacture  or  use  might 
occur  as  aqueous  hexamine  or  formaldehyde  and  ammonia.  Discharges  under 
acidic  conditions  or  at  temperatures  above  50°C  will  occur  totally  as  for- 
maldehyde and  ammonia.  Discharge  levels  from  the  manufacture  and  use  of 
hexamine  were  determined  through  contracts  with  the  manufacturers. 

- W.  R.  Grace  claims  essentially  quantitative  transformation  of 
hexamine  to  NTA  with  zero  hexamine  loss. 

- Wright  Chemical  uses  a closed  circuit  water  system  which 
recaptures  all  spills  and  evaporator  entrainment  of  hexamine. 

• Borden  Chemical  has  no  on  site  water  treatment.  Their  waste- 
water  is  passed  through  a pre-treatment  stage  involving  concen- 
tration and  then  is  sent  directly  to  the  municipal  sewer  system. 

- Plastics  Engineering  claims  a 95%  yield  of  hexamine  based  upon 
formaldehyde  used.  This  is  identical  with  the  reported  effec- 
tiveness of  the  process  (Lowenheim  and  Moran,  1975).  The  dis- 
charge water  from  the  evaporator  is  passed  through  a condenser. 
The  condensor  is  vented  to  the  air.  The  condenser  effluent  is 
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passed  onto  the  municipal  sewage  treatment.  Ammonia  ran  be 
smelled  in  the  effluent. 
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F.  Comparison  of  the  Civilian  and  Military  Uses  and 
Pollution  of  Hexamine 

In  past  years,  the  utilization  of  hexamine  in  RDX/HMX  manufacture  has 
accounted  for  40*707.  of  the  civilian  production.  This  percentage  has  dropped 
significantly.  For  example  in  1975,  HAAP  purchases  of  hexamine  only  accounted 
for  about  327.  of  the  civilian  production.  However,  at  full  mobilization 
HAAP  needs  would  be  ~757.  of  the  civilian  production  capacity  of  hexamlnjt.  If 
the  new  ^-Facility  goes  into  production*  the  amount  of  hexamine  needed  for 
military  purposes  will  probably  increase. ... 

HAAP  is  also. one  of  the  major  polluters  of  hexamine.  Many  of  the  civil- 
ian processers  report  no  process  losses.  The  civilian  manufacturers  who  do 
release  hexamine  into  the  environment,  usually  release  it  through  a munici- 
pal sewage  treatment  system.  The  usage  of  hexamine  in  resins  should  not 
result  in  any  significant  loss  of  this  chemical  to  the  environment. 

G.  Toxicological  and  Environmental  Hazards 
1.  Effects  of  Hexamine  on  Man 

Hexamine  has  been  used  by  the  medical  professions  as  a urinary 
antiseptic  since  1894.  The  official  drug  title  for  hexamine  is  Methenamine, 

N.F.  When  used  as  a therapeutic  agent,  methenamine  is  administered  orally 
at  a dosage  of  4 to  5 g per  day.  The  drug  is  absorbed  by  the  intestine  unalt- 
ered, circulated  In  the  blood  and  excreted  in  the  urine.  If  the  urine  is 
acidic,  the  drug  decomposes  to  formaldehyde  and  anznonla.  The  released  form- 
aldehyde is  the  active  agent  being  particularly  effective  against  gram-neg- 
ative organisms.  In  order  to  assure  the  breakdown  of  methenamine  in  the 
urine,  acid  forming  compounds  are  administered  simultaneously.  Premature 
dissociation  in  the  stomach  is  prevented  by  enteric -coated  tablets. 

Many  clinical  etudiea  involving  methenamine  in  combination  with  Acid 
forming  compounds  nave  been  reported  in  the  literature.  Seneca  at  al»  (19 67)  re- 
ported only  occasional  gastro-lntestlnal  intolerances  in  patients  given  meu.i- 
enamine  hippurate  orally.  There  has  been  no  reported  evidence  of  liver  damage, 
bona  marrow  depression  or  peripheral  neuritis  with  the  recommended  dosage. 

With  an  excessive  dosage,  gastro-intestinal  irritation  and  bladder  irritation 
occur  from  the  higher  concentration  of  formaldehyde.  Andelman  (1965)  studied 
over  300  pregnant  women  with  bacteriuria  treated  with  methenamine  hippurate 
and  found  that  no  toxicity  was  experienced.  Children  subsequently  born  exper- 
ienced no  abnormalities  (Andelman,  1965).  Riker  Laboratories  (1964-65)  con- 
firmed the  low  toxicity  of  methenamine  hippurate  in  studies  with  rats,  rabbits 
and  dogs.  No  teratogenic  effects  were  found.  Gibson  (1970)  evaluated  meth- 
enamine hippurate  in  29  cases  of  urinary  tract  infections.  Only  two  of  the 
twenty-nine  patients  experienced  side  effects  such  as  nausea  when  given  2 g 
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doses  daily  for  four  weeks*  No  other  side  effects  were  reported.  Gerstein 
st  at. (1968)  studied  the  effects  of  methenamine  hippurate  in  the  treatment 
of  chronic  urinary  tract  infections.  Eighteen  patients  were  involved  in 
this  study,  and  received  4 g daily  doses  for  up  to  16  months.  Five  of  the 
18  patients  experienced  possible  adverse  reactions.  Two  patients  experi- 
enced nausea  and  vomiting  on  4 grains  per  day,  but  were  able  to  tolerate  2 gms 
per  day.  One  patient  experienced  nausea  but  returned  to  normal  without  any 
change  in  the  drug  dosage*  One  patient  developed  an  erythematous  rash  which 
disappeared.  Another  patient  developed  a rash  6 weeks  after  treatment  initia- 
tion. This  rash  continued  until  the  drug  was  discontinued. 

An  accidental  overdose  of  meth.enami.ne  mandelate  was  reported  by 
Ross  and  Conway  (1970).  A 2-1/2  year  old  boy  ingested  at  least  8 g of  the 
drug  and  developed  hemorrhagic  cystitis.  The  patient  recovered  completely 
without  specific  treatment. 

In  addition  to  its  use  as  an  urinary  antiseptic,  hexamlne  has  also 
been  reported  to  be  effective  in  treatment  of  acute  phosgene  poisoning.  The 
action  of  hexamlne  appears  to  be  the  combination  with  the  active  CO  group  of 
phosgene  to  prevent  progressive  pulmonary  edema  (Stavrakls,  1971). 

2.  Toxicity  of  Hexamlne  to  Mammals 

a.  Acute  Toxicity 

Acute  toxicity  studies  on  hexamlne  show  that  it  is  relatively 
non-toxic  to  rats  and  mice.  The  reported  LDLo  for  oral  administration  to 
mice  is  512  mg/kg  (Chemical  Biological  Coordination  Center,  1957).  For  intra- 
venous administration  to  rats,  an  LD50  of  9200  mg/kg  was  reported  (NIQSH, 
1976). 

b.  Chronic  Toxicity 

Watanabe  and  Sugimoto  (1955)  reported  that  hexamlne  caused 
tumors  in  rats  when  subcutaneously  injected  with  aqueous  hexamine- formic 
acid  solutions.  This  report  caused  concern  amoung  world  health  organizations 
over  the  danger  from  the  use  of  hexamine  as  a food  preservative  and  a urinary 
antiseptic.  Since  Watanabe' s study,  several  other  investigators  have  evalu- 
ated the  effects  of  hexamine  over  long  exposure  periods.  These  studies  are 
summarized  in  Table  II-6.  Della  Porta  it  al.  (1968)  conducted  a well  con- 
trolled long  term  (lifetime)  oral  feeding  study  in  mice  and  rats.  They  found 
no  adverse  effects  on  the  growth  or  survival  for  0.5  and  1%  aqueous  hexamine 
solutions.  With  5%  solutions  some  minor  growth  rate  retardation  was  observed 
as  well  as  a small  decrease  in  lifespan.  Brendel  (1964)  observed  no  adverse 
growth,  behavior,  mortality  or  histopathological  effects  in  albino  rats  fed 
200-400  mg  hexamine  daily  for  one  year.  They  did,  however,  observe  a yellow 
coloration  of  the  fur.  This  coloration  is  probably  due  to  the  reaction  be- 
tween formaldehyde  and  kynurenine  (Kerwitz  and  Welsch,  1966). 
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Table  I 1-6.  Chronic  Toxicity  of  Hexanine  on  Ka 


In  a more  recent  study  by  Natvig  et  at.  (1971),  no  effects  on 
rats  were  observed  from  daily  ingestion  of  100  mg/kg  body  weight.  Life-span, 
mean  body  weights,  relative  organ  weights,  muscular  activity  and  palatability 
of  food  containing  hexamine  were  observed  during  this  study. 

c.  Teratogenicity  and  Mutagenicity 

Teratogenicity  and  mutagenicity  of  oral,  doses  of  hexamine  in 
mammals  have  been  studied.  These  studies  are  summarized  in  Table  11-7.  In 
these  cases,  effects  upon  the  mother,  the  pregnancy  or  the  placenta  were  not 
observed.  Humi  and  Ohder  (1973)  observed  beagle  pups  whose  mothers  were 
fed  hexamine  beginning  on  the  fourth  day  after  mating  and  continuing  to  the 
56th  day  after  mating,  just  prior  to  delivery  of  the  pups.  Of  the  pups 
observed,  none  showed  any  effects  such  as  structural  or  skeletal  malformat- 
ions. Pups  from  mothers  receiving  high  doses  of  hexamine  (1250  ppm  in  feed) 
shoved  increased  perinatal  mortality  and  growth  retardation.  Other  groups, 
receiving  low  doses  of  hexamine  (600  ppm),  were  essentially  normal.  Some  of 
the  pups  were  returned  to  the  breeding  colony  and  as  of  the  time  of  the  report, 
their  offspring  had  shown  no  abnormalities  in  number  or  structure.  These 
studies  failed  to  Indicate  any  gross  teratogenic  or  mutagenic  response  to 
hexamine.  However,  the  increased  perinatal  deaths  with  high  doses  may  be  the 
result  of  some  histological  changes  to  the  embryo  in  utevo. 

d.  Carcinogenicity 

Watanabe  and  Sugimoto  (1955)  described  the  induction  of  tumors 
at  the  site  of  injection  of  hexamine  in  eight  out  of  fourteen  animals  sur- 
viving the  three  month  dosage  period  (injections  of  1.0  or  2.0  ml  of  237. 
hexamine  twice  weekly;.  Simultaneous  subc  aueous  injections  of  0.5  ml  of 
0.17  formic  acid  were  also  made.  These  studies  were  on  a small  group  of  tats. 

No  controls  were  mentioned. 

Della  Porta  et  al.  (1968)  have  reported  a large  and  well  con- 
trolled study  on  the  carcinogenicity  of  hexamine.  Their  results  are  summar- 
ized in  Table  II-8.  These  life-time  studies  were  conducted  on  one  rat  strain 
and  3 strains  of  mice  (one  outbred  and  two  inbred),  Hexamine  was  administered  in 
drinking  water.  The  dosing  period  was  from  30-60  weeks  in  mice  and  104  weeks 
in  rats,  using  doses  of  hexamine  which  caused  no  toxicity  and  minimal  depres- 
sion in  weight  gain.  No  evidence  of  carcinogenicity  was  found,  a conclusion 
which  agrees  with  Brendel'si  1964  study  on  rats  given  400  mg/day  hexamine 
orally  for  1 year. 

The  only  data  purporting  to  demonstrate  that  hexamine  is  car- 
cinogenic are  Watanabe’ s uncontrolled  studies  In  rats  dosed  repeatedly  with 
high  concentrations  of  this  substance  by  subcutaneous  injections.  The  doses 
and  Injection  volumes  used  caused  irritation  and  scarring  at  the  injection 
site.  It  is  well  known  that  repeated,  non-specific  irritation  of  the  skin 
and  many  other  organs  can  lead  to  the  appearance  of  tumors.  The  lack  of 
reported  results  from  control  animals  and  the  fact  that  the  route  of  admin- 
istration is  not  related  to  common  environmental  modes  of  exposure,  reduces 
the  significance  of  Watanabe’ s studies. 


Table  II-7.  Teratogenic  and  Mutagenic  Effects  of  Hexaaine 


• of  malnlnx  U 
had  Lunar a at  In- 
jection site 


3.  Aquatic  Toxicity 


Hexamlne  is  very  soluble  in  water  and  will  be  available  to  aquatic 
organisms.  The  distribution  of  hexamlne  in  aquatic  systems  has  not  been 
studied.  Preliminary  acute  toxicity  studies  with  fathead  minnows  ( Pimevhalea 
Frame  las)  found  a 96  hour  LCSO  greater  than  2000  ppm  for  hexamlne  (Warner  et  al,t 
1978V  These  data  indicate  that  hexamlne  has  a relatively  low  toxicity  to 
aquatic  organisms. 


Under  acidic  conditions,  hexamlne  decomposes  to  ammonia  and  for- 
maldehyde. The  reaction  has  also  been  shown  to  occur  under  neutral  conditions, 
although  to  a much  lesser  extent.  The  average  pH  of  the  Holston  River  is 
7.4.  Therefore  any  decomposition  in  the  River  itself  would  be  expected  to 
be  small.  However,  local  acidic  conditions  in  the  HAAF  effluent  could  result 
in  decomposition.  If  this  were  to  happen,  the  aquatic  toxicity  would  be 
that  of  formaldehyde.  As  shown  in  Table  II-9,  formaldehyde  is  toxic  to 
aquatic  organisms. 

At  current  HAAF  operations,  only  30  lb/day  of  hexamlne  are  dis- 
charged except  when  the  Building  A-l  still  is  running  (about  1 week  out  of 
every  4 months).  The  concentrations  of  hexamlne,  formaldehyde  and  ammonia 
from  these  sources  in  the  Holston  River  are  estimated  to  be: 

- No  A-l  still  1.7  ppb  hexamlne  or 

2.4  ppb  formaldehyde,  0.9  ppb  ammonia 

- A-l  still  running  54  ppb  hexamlne  or 

84  ppb  formaldehyde,  28  ppb  ammonia 

At  full  mobilization  the  C Buildings  would  be  discharging  90  lb/day  of  hex- 
amlne and  the  A-l  still  would  bo  running  on  a continuous  basis.  The  result- 
ing Holston  River  concentration  under  mobilization  conditions  are  estimated  to 
be : 

- 57  ppb  hexamlne  or 

- 78  ppb  formaldehyde,  29  ppb  ammonia 


Moat  of  the  hexamlne  is  discharged  into  Arnott  Branch.  This  Branch 
has  a flow  of  ^<22  mgd.  The  resulting  concentrations  in  Arnott  Branch  are  esti- 
mated to  be  5.05  ppm  hexamlne  when  the  A-l  still  is  in  operation.  Total  decom- 
position of  the  hexamlne  in  the  effluents  could  lead  to  formaldehyde  and  ammonia 
concentrations  of  6.89  ppm  and  2.60  ppm,  respectively,  in  Arnott  Branch.  These 
numbers  do  not  include  any  formaldehyde  and  ammonia  from  other  sources. 

EPA  (1976)  has  recommended  that  the  concentration  of  unionized  am- 
monia not  exceed  0.02  mg/1  to  protect  aquatic  organisms.  At  pH  7.5  and  a tem- 
perature of  20®C,  total  ammonia  concentration  (NH3+  NH4+)  would  be  2.3  mg/1 
(EPA,  1976).  This  total  ammonia  concentration  corresponds  to  total  decomposi- 
tion of  4.5  mg/1  of  hexamlne. 


*,'>■**“ 
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T»bl«  II-9.  Toxicity  of  Formaldehyde  to  Aquatic  Animals 


Secies 

Duration 

LC50 

JGgflL. 

Reference 

Rainbow  Trout 

Salma  gairdwri 

43 

50 

Kemp  et  at.,  1973 

Brown  Trout 

Salmo  trutta 

48 

50 

It 

Pompano  (Juvenile) 
Tmahinotus  aarolinua 

96 

69.1-74.9 

M 

Striped  Bass  (fingerling) 
Roooue  aaxatillia 

96 

18 

M 

Flounder 

Platiothya  flaaua 

48 

100-330 

II 

Brown  Shrimp 

Cmngon  crangon 

48 

330-1000 

It 
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In  order  to  protect  aquatic  organisms,  the  recommended  aquatic  con- 
centration is  often  determinad  by  applying  a 0.05  factor  to  the  96  hr  LC50 
for  the  most  vulnerable  species  (striped  bass).  Employing  this  factor,  the 
maximum  safe  level  for  formaldehyde  would  be  0.9  uag/1,  corresponding  to  total 
decomposition  of  1.75  mg/1  of  hexamine.  Thus,  when  the  A-l  still  is  in  opera- 
tion, HAAP  output  of  nascent  formaldehyde  and  ammonia  from  the  hexamine  dis- 
charge is  probabley  above  safe  levels  for  protection  of  the  aquatic  environment. 


4.  Toxicity  to  Invertebrates 

The  48  hour  EC50  of  Daphnia  magna  is  greater  then  8000  mg/I 
(Warner  et  al.t  1978).  Thus  hexsmine  under  stable  conditions  is  significantly 
less  toxic  to  Daphnia  magna  than  formaldehyde  (EC50  ^ 2 mg/1,  Kitchens  et  al», 
1976). 

5.  Microorganism  Toxicity 

Hexamine  has  been  shown  to  have  a bacteriostatic  effect  on  certain 
microorganisms  in  concentrations  ranging  from  less  than  100  mg/1  to  more 
than  4000  mg/1  as  shown  in  Table  II- 10.  The  bacteriostatic  action  is  due 
to  the  breakdown  of  hexamine  to  formaldehyde  and  ammonia  either  by  acidic 
conditions  or  bacteria  degradation.  As  the  formaldehyde  concentration  in- 
creases, the  microorganisms  are  killed  by  the  highly  toxic  formaldehyde. 


Table  11-10.  Toxicity  of  Hexamine  to  Microorganisms 


§J2flSJag. 

Concentration 

Effect 

Reference 

Myoobaoterium  tuberculosis 

250 

Antibacterial 

k 

Schrauf.ktStter 

1950 

Triahophytin  gypseum 

62.5 

»t 

ft 

Torulopsis  minor 

125 

II 

II 

Staphylcococus  aureus 

>4000 

II 

It 

Salmonella  paratyphi 

>4000 

II 

II 

In  spite  of  the  toxicity  of  hexamine  and  ths  resulting  formalde- 
hyde to  most  microorganisms,  there  are  some  microorganisms  that  are  capable 
of  utilizing  these  compounds.  For  example,  certain  Pseudomonas  species  effici- 
ently utilize  formaldehyde  as  a carbon  source  and  Peroilliwi  and  Polytreohum 
prefer  hexamine  to  acsnonium  nitrate. 

6.  Phytotoxicity 

Nicholas  and  Nicholas  (1922)  grew  beans  in  a culture  media  containing 
hexamine.  At  concentrations  below  0,25  g/1  the  hexamine  had  favorable  effects 
on  the  plant  growth.  These  plants  were  able  to  use  hexamine  as  their  sole 
nitrogen  source.  However,  at  concentrations  > 0.25  g/1  a toxic  effect  as 
exhibited  by  retardation  in  the  digestion  of  the  cotyledons  was  observed. 
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Environmental  Fate 


In  the  environment,  much  of  the  hexamine  released  will  be  decomposed 
into  ammonia  and  formaldehyde  by  either  acidic  conditions  or  microorganisms. 
This  degradation  will  release  significant  quantities  of  formaldehyde  and 
ammonia  which  could  cause  significant  local  stress  on  the  aquatic  environment. 
However,  these  compounds  will  also  eventually  be  degraded.  Continuous  high 
hexamine  discharges  will  thus  result  in  the  depletion  of  sensitive  aquatic 
species,  and  an  increase  in  population  of  plants,  microorganisms  and  aquatic 
species  capable  of  metabolizing  the  hexamine  and  resulting  formaldehyde. 

8.  Availability  of  Literature  for  Phase  II 

Due  to  the  use  of  hexamine  as  a urinary  antiseptic,  toxicologi- 
cal studies  on  the  compound  are  numerous.  The  effect  of  hexamine  on  the  en- 
vironmant  has  been  studied  to  some  extent.  Therefore,  there  appears  to  be 
ample  literature  on  hexamine  for  a detailed  Phase  II  analysis. 

H.  Regulations  and  Standards 

1.  Air  and  Hater  Acts 

There  are  no  air  and  water  regulations  specific  for  hexamine.  How- 
ever, there  Is  a water  quality  criterion  for  ammonia  of  0.02  mg/1  (as  union- 
ized ammonia)  for  protection  of  freshwater  aquatic  life  (EPA,  1976).  Since 
hexamine  is  degraded  by  microorganisms  and  acidic  environment  to  ammonia  and 
formaldehyde,  this  criterion  applies  Indirectly. 

Hexamine  is  listed  in  the  EPA  "Toxic  Substances  Control  Act  - Can- 
didate List  of  Chemical  Substances."  However,  there  are  no  immediate  plans 
for  any  definitive  studies  or  regulations  on  hexamine. 

2.  Occupational  Standards 

There  are  no  recommended  threshold  limit  values  for  hexamine  itself. 
Recommended  U.S.  TLV3  for  formaldehyde  and  ammonia  are  (American  Conference 
of  Governmental  Industrial  Hygienists,  1977): 

formaldehyde  2 ppm  or  2.5  rng/rn^ 

ammonia  25  ppm  or  18  m3/m^ 

The  2 pom  TLV  for  formaldehyde  is  also  considered  to  be  the  maximum  allowable 
concentration  (MAC).  Excursion  above  this  MAC  for  a period  up  to  15  minutes 
may  result  in  intolerable  irritation,  chronic  or  irreversible  tissue  damage, 
or  narcosis  of  sufficient  magnitude  to  increase  accident  proneness,  impair 
self  rescue  or  reduce  work  efficiency. 

The  USSR  Standards  for  formaldehyde  and  ammonia  in  air  are  0.8  ppm 
and  15  ppm,  respectively.  Czechoslovakia  standards  are  slightly  higher  - 1.6 
ppm  for  formaldehyde  and  30  "ppm  for  ammonia. 
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3.  National  Cancar  Institute 

Hexamine  is  not  on  the  NCI  Bioassay  Program  List  (1978)  to  be  tasted 
for  carcinogenis.  However,  formaldehyde  is  on  their  list  of  chemicals  tenta- 
tively selected  for  testing. 

4.  Department  of  Transportation 

Hexamine  is  listed  on  the  U.S.  Coast  Guards  CHRIS  List  (1974).  However, 
there  are  no  shipping  or  labeling  regulations  for  hexamine. 

I.  Conclusions  and  Recommendations 

The  goal  of  this  preliminary  problem  definition  study  was  to  evaluate 
the  Army's  responsibility  for  conducting  further  studies  on  hexamine.  In  this 
report  sufficient  data  is  presented  to  establish  the  following  conclusions. 

1.  The  Army  has  been  in  the  past  and  will  be,  if  full  mobilization 
should  occur,  the  major  user  of  hexamine.  However,  Army  current 
use  is  only  18X  of  the  civilian  production. 

2.  Holston  AAP  is  the  major  polluter  of  hexamine.  The  major  source 
of  hexamine  discharge  at  HAAP  being  the  A-l  still, 

3.  The  currently  planned  biotreatment  facility  will  not  be  capable  of 
handling  the  hexamine  and  other  chemicals  from  the  A-l  still. 

4.  Sufficient  mammalian  toxicological  studies  have  been  conducted  to 
characterize  the  toxicology  of  hexamine.  The  only  problem  area 
appears  to  be  some  teratogenic  potential  when  administered  in  high 
doses  throughout  pregnancy. 

5.  The  fate  of  hexamine  in  Amo  it  Branch  and  the  Holston  River  has  not 
been  completely  ascertained.  However,  studies  to  gatermine  the  fate 
of  hexamine  in  the  Holston  area  environment  would  be  costly,  and 
the  results  more  of  general  interest  than  of  value. 

As  a result  of  this  study,  it  is  concluded  that  hexamine  should  be 
a low  priority  for  the  detailed  Phase  II  toxicological  and  environmental 
evaluation.  The  following  research  is  recommended  to  clarify  some  hazards 
and  to  remove  hexamine  from  HAAT's  discharge. 

1.  If  pregnant  women  are  to  be  in  daily  contact  with  haxamine,  it  la  recom- 
mended that  the  teratogenic  potential  of  this  compound  be  further 
studied.  These  studies  should  be  conducted  with  rats  using  feed 
doses  of  25,  50  and  100  mg/kg  daily  through  pregnancy  and  lactation. 
Histopathological  examination  of  the  embryos  at  different  states  of 
development  should  be  carried  out.  This  task  Is  necessary  since 
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data  to  date  Indicate  no  gross  structural  changes  only  growth  rate 
retardation  in  utero.  If  significant  development  alterations  are 
observed,  further  studies  on  primate  may  be  warranted. 

2.  Due  to  the  potential  danger  of  hexamine  breakdown  products  to  the 
aquatic  environment,  attention  should  be  focused  on  elimination  of 
this  compound  from  HAAF  effluents.  Studies  have  shown  that  the 
currently  planned  biological  treatment  facility  will  not  be  capable 
of  handling  the  effluents  Including  hexamine  from  the  A-l  still. 

One  possible  alternative  is  the  combination  of  Area  B A-l  still 
afflaants  with  the  Area  A azeo  still  effluents  inco  an  aerobic  bio- 
treatment  pond.  An  activated  sludge  type  of  system  (specifically 
Pseudomonas  sp.)  should  be  capable  of  biodegrading  these  combined 
effluents.  Further  treatment,  if  necessary,  could  be  provided  by 
the  central  biotreatment  facility. 
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SUMMARY 


i * 

* 

i 


Cyclohexanone  is  used  by  the  Army  as  a recrystallization  solvent  for 
RDX  at  Holston  Army  Ammunition  Plant  (HAAP) . The  average  purchase  of  this 
chemical  over  the  last  eight  years  has  been  ^ 762,000  Ib/year.  These  purchases 
were  for  make-up  solvent  and  are,  therefore,  representative  of  the  amount  of 
cyclohexanone  lost.  This  loss  is  v 0.01  lb  of  cyclohexanone  for  every  pound 
of  RDX  produced.  Thus  at  full  mobilization,  Holston  would  purchase  and  pre- 
sumably discharge  ^ 2 million  lb/year. 

Holston  discharges  large  quantities  of  cyclohexanone  from  the  Re- 
crystallization Buildings  (G  Buildings)  and  the  Dewatering  Building  (H  Build- 
ing) . At  full  mobilization  discharges  to  the  Holston  River  could  be  up  to 
1286  lb/day  from  the  G-Buildings  and  950  lb/day  from  the  H-Buildings  or  a 
total  of  787, oOO  lb/year.  In  addition  to  aqueous  discharges  from  the  recry- 
stallization and  dewatering  process,  air  discharges  also  occur.  About  51%  of 
the  cyclohexanone  losses  at  HAAP  are  unaccounted  for. 

Cyclohexanone  is  produced  by  six  civilian  manufacturers.  The  current 
capacity  is  1590  million  lb/year.  Two  processes  are  used  in  the  manufacture 
of  cyclohexanone  - air  oxidation  of  cyclohexane  and  catalytic  hydrogenation 
of  phenol, 


The  major  civilian  u3e  of  cyclohexanone  is  as  a chemical  intermediate 
in  the  manufacture  of  nylon-66  and  nylon-6.  Other  uses  include  manufacture 
of  caprolactone  for  use  in  high  impact  plastics  and  as  a solvent. 

The  total  1974  environmental  discharge  of  cyclohexanone  from  manu- 
facture and  uses  was  estimated  at  51.3  million  pounds  or  about  8%  of  the  quan- 
tity produced.  Even  at  full  mobilization,  HAAP  would  discharge  only  'v  4% 

<2  million  lb/yr)  of  the  total  environment  discharge  of  cyclohexanone.  Thus 
it  is  not  a military  unique  chemical. 

Due  to  its  widespread  use  as  a solvent,  the  acute  and  chronic  toxi- 
city of  cyclohexanone  has  been  extensively  studied,  It  is  moderately  toxic 
In  acute  doses  by  all  routes  of  administration.  Sublethal  doses  cause  pro- 
found narcosis  accompanied  by  central  nervous  system  depression.  Some  tera- 
togenic effects  were  observed  on  chick  embryos.  However,  sufficient  informa- 
tion is  not  available  to  fully  assess  the  teratogenic  potential  of  cyclohex- 
anone. No  carcinogenic  or  mutagenic  studies  on  cyclohexanone  were  reported, 
however,  it  is  on  NCI's  list  of  chemicals  tentatively  selected  for  testing  by 
the  bioassay  procedure. 

Only  a few  aquatic  toxicity  studies  on  cyclohexanone  have  been  re- 
ported. These  studies  indicate  a low  toxicity  of  cyclohexanone  to  aquatic 
life.  Degradation  of  cyclohexanone  in  the.  environment  occurs  through  photo- 
chemical reactions  and  microbial  degradation.  However,  the  HAAP  effluent 
undergoes  a variety  of  transformations  before  it  enters  the  environment.  The 
presence  of  formaldehyde  in  the  effluent  leads  to  the  formation  of  2-hydroxy- 
raethylcyclohexanone.  Thi3  compound  can  undergo  a variety  of  reactions  in- 
cluding dehydration  and  Diels-Alder  addition.  Addition  reactions  of  two 
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molecules  of  cyclohexanone  lead  to  formation  of  cyclohexany 1-cyclohexanone. 
The  toxicology  and  the  environmental  hazards  of  these  compounds  have  not  been 
established. 

As  indicated  by  the  data  gathered  and  evaluated  in  this  preliminary 
problem  definition  study,  cyclohexanone  is  not  a military  unique  compound.  It 
is  widely  used  throughout  the  civilian  community  and  enters  the  environment 
from  many  civilian  sources.  Its  mammalian  and  aquatic  toxicological  effects 
are  low  to  moderate  and  are  relatively  well  established.  Some  further  work 
in  the  areas  of  carcinogenicity  and  teratogenicity  is  warranted.  However, 
this  work  is  a civilian  problem. 

A problem  does  exist  with  cyclohexanone  in  the  effluent  at  Holston 
AAP.  This  problem  is  the  formation  of  addition  compounds.  The  toxicity  and 
environmental  hazards  from  these  compounds  require  further  evaluation. 
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FOREWORD 


This  report  details  Che  results  of  a preliminary  problem  definition 
study  on  cyclohexanone.  The  purpose  of  this  study  was  to  determine  the  Army's 
responsibility  for  conducting  further  research  on  cyclohexanone  ..  n order  to 
determine  its  toxicological  and  environmental  hazards  so  that  effluent 
standards  can  be  recommended.  In  order  to  determine  the  Army's  responsibility 
for  further  work  on  cyclohexanone, the  military  and  civilian  usage  and  pollu- 
tion of  this  chemical  were  evaluated.  In  addition,  a preliminary  overview  of 
toxicological  and  environmental  hazards  was  conducted. 

Cyclohexanone  was  only  one  of  48  chemicals  evaluated  under  Phase  IA  of 
contract  No.  DAMD17-77-C-7057.  These  chemicals  are  grouped  in  four  cate- 
gories 


- explosives  related  chemicals 

- propellant  related  chemicals 

- pyrotechnics 

- primers  and  tracers 

Each  category  is  a major  report.  Section  I of  each  report  is  an  overview  of 
the  military  processes  which  use  each  chemical  and  the  pollution  resulting 
from  the  use  of  these  chemicals.  The  problem  definition  study  reports  on 
each  chemical  are  separable  sections  of  these  four  reports.  . 

In  addition  a general  methodology  report  was  also  prepared.  This  report 
describes  the  search  strategy  and  evaluation  methodology  utilized  for  this 
study. 
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III.  CYCLOHEXANONE 


A.  Alternate  Names 

Cyclohexanone  is  a cyclic  aliphatic  mono ketone  with  a molecular  formula 
of  Cf,H1Q0  and  corresponding  molecular  weight  of  98.14  g/mole.  This  ketone  has 
the  following  structural  formula: 


H,C  CH- 

2 2 


Other  pertinent  alternate  names  for  cyclohexanone  are  listed  below: 


CAS  Registry  No.: 

Replaces  CAS  Registry  No. 
CA  Name  (8CI) : 

Wiswesser  Line  Notation: 
Synonyms : 


Physical  Properties 


108-94-1 

48090-95-5 

Cyclohexanone 

L6VTJ 

Anon;  Anone;  Hexanon;  Hytrol  0;  Keto- 
hexamethylene;  Piraelic  ketone;  Plmelin 
ketone;  Sextone 


The  physical  properties  of  cyclohexanone  are  listed  in  Table  III-l.  The 
infrared  spectrum  of  cyclohexanone  is  shown  in  Figure  III-l. 


Table  III-l.  Physical  Properties  of  Cyclohexanone*. 


Physical  Form  0 20°C: 

oily  liquid 

Color: 

colorless  to  pale  yellow 

Odor: 

peppermint  and  acetone 

M.P. : 

—4 7 0 C ; -45°C 

B.P. : 

155. 6° C (5  760  mmHg  132. 5° C 0 400  mmHg 

110, 3°C  0 200  mmHg  9C.4°C  0 100  mmHg 

77 . 5“C  @ 60  mmHg  67.8°C  0 40  mmHg 

52.5°C  0 20  mmHg  38.7°C  0 10  mmHg 

26.4°C  0 5 mmHg  1.4°C  0 1.0  mmHg 

Vapor  Pressure: 

4.5  mmHg  0 25°C 

3.95  mmHg  0 20*C 

Liquid  Density,  d^: 

0.9478  g/ml 

Vapor  Density: 

3.38  g/cc 

Refractive  Index,  n§°: 

1.4490 

Viscosity  of  Liquid: 

2.2  cP  0 25*C 

Flash  Point: 

54 "C  open  cup 

33"C  closed  cup 

Autoignition  Temperature: 

520-580*0 

Explosive  Range: 

1.1  - 8.1%  0 100*C 

Heat  of  Combustion  (Const  P)s 

-8570  cal/g 

Specific  Heat,  15-18*C: 

0.433  cal/g 

Solubility: 

water  - 5g/100g  0 30°C 

15g/100g  0 10°C 

Misicible  with  methanol,  ethanol,  acetone 
benzene,  n-hexanone,  nitrobenzene,  ether, 
naptha,  xylene,  ethylene,  glycol, 
isoamylacstate , dlethylamine  and  most 
organic  solvents 

Dissolves : 

water  - 9.5g/100g  0 20*C 

Cellulose  nitrate,  acetate  and  ethers, 
vinyl  resins,  raw  rubber,  waxes,  fats, 
shellac,  basic  dyes,  oils,  latex,  bitumen 
and  many  other  organic  compounds 

*Referencea:  Kirk  and  0 dimer , 1967;  Celanese  Chemical  Company;  Hawley, 
1977;  Wuasc,  1975;  Sax,  1975;  Windholz , ' 1976. 
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The  ultraviolet  spectrum  of  cyclohexanone  is  presented  in  Figure  III-2.  A 
weak  absorption  band  is  present  with  maxima  at  280  and  276  mu  and  correspond- 
ing molar  absorptivity  coefficients  of  27  and  26,  respectively. 
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MILLIMICRONS 


Figure  III-2.  Ultraviolet  Spectrum  of  Cyclohexanone,  ©Sadtler  Research 
Laboratories,  Inc.  (1966). 


C.  Chemical  Properties 

1.  General  Reactions 

Treatment  of  cyclohexanone  with  either  strong  oxidizing  agents  in 
acid  (March,  1968)  or  molecular  oxygen  in  basic  hexamethylphosphoramide 
(Wallace  at  al.t  1965)  yields  adipic  acid, 


Autoxidation  does  not  occur  in  water.  Cyclohexanone  reacts  with  hydroxyl- 
amine  to  form  an  oxime  which  undergoes  Beckman  rearrangement  (March,  1968) 
to  e-caprolactam  used  in  the  manufacture  of  nylon-6. 
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Ketones  possess  two  chemically  reactive  sites.  The  polarity  of  the 
OO  double  bond  causes  the  carbonyl  carbon  to  be  deficient  in  electron  den- 
sity and,  thus,  susceptible  to  nucleophilic  attack.  This  general  reaction 
scheme  involves  initial  nucleophilic  addition  at  the  carbonyl  carbon, 


This  addition  product  may  either  be  a stable  species,  revert  to  the  original 
ketone  in  a reversible  equilibrium,  or  react  further  to  give  a new  product. 

The  carbon  directly  adjacent  to  the  carbonyl  function  is  the  second 
reactive  site.  This  carbon,  called  the  a carbon,  exhibits  nucleophilic  acti- 
vity. In  order  for  the  a carbon  to  behave  as  a nucleophile,  the  ketone  must 
undergo  a transformation  to  either  a carbanion  or  an  enol. 

The  electron  deficiency  of  the  carbonyl  carbon  increases  the  Bron- 
sted  acidity  (the  ability  to  release  protons)  of  the  a carbon  10^  times  over 
the  other  carbons.  This  electron  deficiency  allows  selective  removal  of  a 
protons  to  produce  highly  reactive  carbanions. 


Strong 

Base 


Even  though  ketones  possess  enhanced  acidity  over  normal  hydrocarbons,  they 
are  still  several  orders  of  magnitude  less  acidic  than  water.  Under  environ- 
mental conditions,  carbanion  chemistry  is  of  little  concern. 

In  solution,  ketones  exist  in  equilibrium  with  enols. 
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This  equilibrium  is  referred  to  as  tautomerism.  For  most  ketones,  cyclohex- 
anone included,  the  equilibrium  lies  far  to  the  left.  But  under  acidic  con- 
ditions, interconversion  between  tautomers  occurs  readily.  If  the  small 
amount  of  enol  at  equilibrium  reacts  with  another  species  in  solutions,  the 
tautomeric  equilibrium  will  be  driven  to  the  right.  The  general  reaction  of 
enols  is  pictured  below. 


+ H+ 


E+  may  be  any  electrophile.  If  it  is  a proton,  then  ketone  is  formed.  Cyclo- 
hexenol  will  react  with  formaldehyde  to  yield  2-hydroxymethyl-cyclohexanone. 


f 

I 

I 


I 


I 
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Enol  chemistry  is  very  significant  in  aqueous  acid  solutions  of  cyclohexanone. 
2.  Environmental  Reactions 

Cyclohexanone  is  stable  under  normal  conditions.  In  water  it  acts 
as  neither  an  acid  nor  a base  but  exists  in  an  unfavorable  equilibrium  with 
the  gem-diol. 


Numerous  photochemical  studies  have  been  conducted  with  cyclohex- 
anone. Irradiation  in  the  vapor  phase  yields  primarily  CO,  1-pentene,  and 
cyclopentane  with  lesser  amounts  of  ethane,  propane,  and  5-hexenal  (Sriniva- 
son,  1963).  Photolysis  of  pure  liquid  cyclohexanone  has  been  reported  to 
yield  both  5-hexenal  and  2-methylcyclopentanone  (Calvert  and  Pitts,  1966). 
Irradiation  of  cyclohexanone  in  water  yields  hexanoic  acid  (Calvert  ana  Pitts, 
1966) . 

(-jj  Vapor  Phase  Irradiation 
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(2)  Liquid  Phase  Irradiation 


(3) 


Aquaous  Solution  Irradiation 


(aqueous)  hV  j> 


The  primary  processes  are  believed  to  be  excitation  to  an  upper  singlet  state, 
followed  by  either  homolytic  cleavage  to  a diradlcal  or  a concerted  process 
without  radical  formation  (Calvert  and  Pitts,  1966). 


product 


Addition  of  molecular  oxygen  to  the  gas  phase  reaction  shows  no  effects  of 
radical  scavenging  indicating  that  cyclohexanone  is  not  an  effective  initiator 
for  photochemical  smog  and  subjecting  the  existence  of  a diradical  to  question 

3.  Sampling  and  Analysis 

Gas  chromatography  using  a flame  ionization  detector  is  considered 
che  moat  sensitive  and  specific  method  of  analysis  of  cyclohexanone.  Parkes 
at  al.  (1976)  oerformed  analyses  via  direct  absorption  of  the  ketone  from 
air  samples  onto  Chromosorfc  101  followed  by  heat  desorption  to  the  chromato- 
graph. They  estimated  their  limits  of  detection  af  60  p{5  ^cyciabexanonecnc. 

A portable  infrared  gas  analyzer  has  been  developed  which  obviates 
sample  collection,  an  advantage  for  field  analysis.  Minimum  detectable  con- 
centration of  cyclohexanone  by  this  method  is  reported  at  0.3  ppm  (Lande  at 
al.,  1976). 
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A coloritrecric  field  test  exists  which  involves  treatment  of  a 
sample  with  the  diazonium  3alt  of  H-aeid.  The  colored  product  is  then  com- 
pared with  prepared  standards  of  known  concentrations.  Detection  limits  are 
on  the  order  of  parts  per  thousand  (Andrew  et  at.,  1971). 

D.  Uses  of  Cyclohexanone  in  Army  Munitions  Production 

Cyclohexanone  is  used  by  the  Army  as  a recrystallization  solvent  in  the 
manufacture  of  RDX.  When  the  RDX  is  crystallized  from  the  acid  reactant’  mix- 
ture, the  crystals  are  the  wrong  size  for  further  processing.  Recrystalliza- 
tion from  cyclohexanone  yields  crystals  of  the  proper  size. 

1.  Quantities  of  Cyclohexanone  Used  in  Munitions  Production 

Table  III-2  presents  the  historical  purchase  of  cyclohexanone  at 
Holston  AAP  and  the  corresponding  production  of  RDX.  Approximately  0.01  lb 
of  cyclohexanone  is  added  to  the  process  for  every  pound  of  RDX  produced. 


Table,  III-2.  Historical  Purchase  of  Cyclohexanone  and. 

Corresponding  RDX  Production  at  Holston  AAP. 


Cr«loh«unont  Turehaiad,  ,'b 
SOX  Traduced,  x 1000  lb 


1970  nn 

960 . 000  600,000 
129,407  114,466 


1971  1973 

2,213,000  1,440.000 
101,63*  102.777 


iii*  mi 

320,000 
97,70*  43,334 


1*76  1977 

360,000 

23,488  11,133 


1221 

180,000 


Currently,  Holston  AAP  is  only  operating  at  'v  87.  of  capacity.  Cyclohexanone 
is  being  added  to  the  process  at  a rate  of  316  lb  per  day.  At  full  mobiliza- 
tion -v  6000  lb  per  day  of  cyclohexanone  would  be  used. 

2.  Occurrences  of  Cyclohexanone  in  Air  and  Water 

a.  Aqueous  Effluents  from  RDX  Rec.rystallization  (G-Buildings) 

Recrystallization  of  RDX  and  HMX  is  accomplished  in  the  G-Build- 
ings.  Buildings  G-l,  2,  7,  8,  9,  10  and  10A  are  used  for  recrystallization 
of  RDX  with  cyclohexanone.  Buildings  G-3,  4,  5 and  6 are  used  for  HMX  re- 
crystallization and  special  products  formulation.  The  effluent  from  Buildings 
G-3,  4,  5,  6 varies  with  the  particular  product  being  formulated.  However, 
cyclohexanone  is  usually  found  in  the  effluent.  ' 

In  a study  performed  by  Mr.  Jim  Green  of  Holston  Defense  Cor- 
poration, the  concentrations  of  various  solvents  in  the  G Building  catch 
basin  influents  and  effluents  were  measured  (USAEHA,  1971).  The  flow  races 
through  these  catch  basins  were  also  measured.  The  results  of  this  study 
for  Buildings  G-2  and  G-6  are  presented  in  Table  III-3.  Buildings  G-2  and 
G-6  were  operating  at  capacity  during  the  study.  The  G-2  building  effluents 
are  considered  typical  of  Buildings  G-l,  7,  8,  9,  10  and  10A.  Buildings  10 
and  10A  operate  as  one  building.  Although  there  are  8 units  in  these  buildings 


t 
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Table  III-3.  Aqueous  Effluents  from  Typical  RDX 

R«crystalli2at ion  Buildings  (USAEHA,  1971). 


Parameter 

Catch 

Basin  Influent, 
mg/1 

Catch  Basin  Effluent, 
mg/1 

Building  G-2 

BOD 

896 

339 

COD 

463 

403 

OC 

234 

217 

IC 

22 

23 

Cyclohexanone 

215 

206 

Flow  rate  - 

27,400  gallons 

per  day  (gpd) 

Building  G-6 

BOD 

-32 

323 

COD 

1240 

950 

OC 

264 

- 

IC 

9.7 

8.0 

HMX 

10.6 

4.4 

RDX 

5.0 

5.0 

Acetone 

81 

63 

Cyclohexanone 

587 

220 

Toluene 

2.7 

0.2 

Butanol 

81 

63 

pH 

6.1 

6.1 

Flow  rate  - 

136,000  gallons  per  day  (gpd) 
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only  4 operated  concurrently.  Therefore,  the  effluent  from  RDX  recrystalli- 
zation at  full  mobilization  can  be  obtained  by  multiplying  that  of  Building 
G-2  by  six.  Approximately  164,400  gpd  of  process  water  would  be  discharged 
from  these  G-Building  containing  ^ 210  mg/1  or  288  lb  per  day  of  cyclohexanone. 

The  characterization  of  the  effluents  from  Buildings  G-3,  4, 

5,  6 are  less  accurate  due  to  the  variation  in  the  products  formulated  in 
these  buildings.  However,  as  approximation  of  the  total  effluent  at  full 
mobilization,  the  effluents  presented  in  Table  III-3  can  be  multiplied  by 
four.  This  approximation  yields  a total  flow  of  544,000  gpd  of  process  water 
from  these  buildings.  This  water  contains  't  220  mg/1  or  998  lb  per  day  of 
cyclohexanone. 

At  full  mobilization  the  total  amount  of  cyclohexanone  released 
in  the  aqueous  effluents  from  the  G-9ulldings  could  be  as  much  as  1286  lbs 
per  day  in  a- flow  rate  of  708,400  gallons  per  day.  If  no  cyclohexanone  is 
being  used  in  Buildings  G-3-6,  the  release  of  cyclohexanone  could  be  as  low 
as  288  lb  per  day. 

b.  Air  Effluents  from  the  RDX  Recrystallization  and  Formulation 

(G-Buildings) 

In  addition  to  the  aqueous  cyclohexanone  wastes,  air  emissions 
from  the  G-Buildlngs  have  been  reported.  These  air  emissions  were  estimated 
to  be  95  lb/day  par  building  (USAEHA,  1971).  At  full  mobilization,  570  to 
950  lb/day  would  be  lost  to  the  air  depending  on  whether  cyclohexanone  is 
being  used  in  the  formulations  buildings. 

c.  Aqueous  Effluents  from  RDX  Dewatering  (H-Buildings) 

RDX  is  dewatered  in  Buildings  H-l,  2,  3,  4,  7,  8,  9 and  10. 

As  indicated  by  analyses  of  the  K-2  building  effluents  performed  by  Holston 
Defense  Corporation,  cyclohexanone  is  found  in  the  waste  water  from  the  RDX 
dewatering  process.  Buildings  H-5  and  6 dewater  HMX  and  do  not  have  cyclo- 
hexanone in  their  effluents.  Specific  parameters  determined  in  this  study 
are  presented  in  Table  III-4. 


Table  III-4.  Aqueous  Effluents  from  a Typical 

RDX  Dewatering  Building  (USAEHA,  1971), 


Parameter 

BOD 

COD 

RDX 

HMX 

Cyclohexanone 
Acetic  Acid 


Catch  Basin  Influent,  mg/1  Catch  Basin  Effluent,  mg/1 

2771 

4292 

49  33 

1.5  . 0.7 

142 
658 


Flow  rate  - 34,800  gallons  per  day  (gpd) 
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The  c.itch  basin  effluent  was  not  monitored  but  can  be  assumed 
to  be  approximately  the  same  as  phe  influent.  At  full  mobilization, Buildings 
H-l  2,  3,  4,  7,  8,  9 and  10  would  be  in  full  production.  The  total  amount 
of  cyclohexanone  discharged  from  these  buildings  would  be  330  lb  per  day  in 
a flow  of  278,400  gallons  per  day. 

No  data  on  air  emissions  of  cyclohexanone  from  the  H-Buildings 
was  found.  However,  these  emissions  would  be  minor  compared  to  those  from 
the  G-Buildings. 

d.  Holston  River  Concentration  of  Cyclohexanone 

At  full  mobilization,  cyclohexanone  effluents  to  the  Holston 
River  would  be  as  much  as  1286  Ib/day  from  the  G-Buildings  and  330  lb/day 
from  the  H-Buildings  or  a total  of  1616  lb/day.  The  resulting  Holston  River 
concentration  (assuming  'full  mixing  and  a river  flow  rate  of  2C70  mgd)  would 
be  0.10  mg/1.  However,  the  North  and  South  Forks  of  the  Holston  River  are 
not  thoroughly  mixed  until  n,  l mile  downstream  from  Area  B.  Thus,  local 
river  concentrations  would  be  as  much  as  4 to  5 times  this  concentration. 

e.  Material  Balance  on  Cyclohexanone 

It  is  difficult  to  perform  a material  balance  on  cyclohexanone 
over  a one-year  period  because  this  solvent  is  bought  in  bulk  and  stored 
until  needed.  A more  meaningful  balance  can  be  obtained  over  an  eight-year 
period.  Durinp  the  eight-year  period  from  1970  to  1977,  a total  of  6,095,000 
lb  of  cyclohexanone  were  purchased.  The  average  mobilization  over  this  period 
was  41%.  Thus,  an  average  of  370,325  lb/year  would  be  expected  to  be  lost  to 
air  and  water.  However,  an  average  of  761,875  lb/ year  were  used.  Thus  about 
51%  of  the  cyclohexanone  losses  are  unaccounted  for. 

Other  sources  for  additional  cyclohexanone  losses  include 

- water  from  the  recrystallization  decanter  contains  about 
0,1%  cyclohexanone.  This  water  is  hauled  to  the  burning 
ground  (USAEHA,  1971) 

- solvent  in  the  final  product 

- losses  to  air  from  the  dewatering  operations 

- losses  during  the  incorporation  step 

- chemical  reaction  in  the  effluent  streams. 

E . Uses  in  the  Civilian  Community 

1.  Production  Methodology 

Two  synthetic  processes  are  currently  used  by  industry  to  produce 
cyclohexanone.  The  catalytic  air  oxidation  of  cyclohexane  is  the  most  widely 
used  process.  A schematic  of  the  air  oxidation  reaction  system  is  shown  in 
Figure  III-3. 
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Figure  III-3.  Production  of  Cyclohexanone  by  the  Air  Oxidation  Process 
(Lowenheia  et  at.  t 1975). 


This  procedure  yields  a mixture  of  cyclohexanol  and  cyclohexanone. 


O 


Catal/st 


6-6 


Cyclohexane  is  oxidized  in  Che  presence  of  air  at  temperatures  between  120  to 
250°C.  High  pressure  must  be  maintained  to  prevent  vaporization  of  cyclo- 
hexane. Various  catalysts  such  as  metaboric  acid  may  be  used  depending  on 
the  desired  alcohol/ketone  ratio.  The  oxidation  product  is  hydrolyzed  and 
separated  from  the  catalyst  and  unreacted  cyclohexane.  If  pure  cyclohexanone 
is  desired,  the  mixture  can  be  dehydrogenated  over  a zinc  oxide  catalyst. 

The  yield  is  between  90  and  951. 

The  second  process,  catalytic  hydrogenation  of  phenol,  is  shown 
schematically  in  Figure  III-4.  This  process  can  either  be  accomplished  in  a 
one-step  reduction  directly  to  cyclohexanone  or  a two-9tep  process  with  ini- 
tial hydrogenation  to  cyclohexanol  followed  by  dehydrogenation. 


OH 

0 


o 

0H 

0 


Phenol  is  reacted  with  hydrogen  at  temperatures  Lc om  100  to  200°C  and  pres- 
sures between  15  and  50  psi  in  the  presence  of  a catalyst.  Reduction  can 
occur  in  either  tho  liquid  or  vapor  phase.  A hydrogen/nitrogen  gas  mixture 
may  be  used  also.  If  cyclohexanone  is  the  desired  product  a paladium  on 
carbon  catalyst  is  used.  A nickel  catalyst  yields  cyclohexanol.  The  yield 
is  reported  as  951  (Lan.U-  at  al.,  1976;  Lowenheim  and  Moran,  1975). 

2.  Manufacture,  Production  and  Cipacity 

Production  figures  for  cyclohexanone  from  1965  to  the  present  are  giv- 
en in,  Table  III-5.  Current  manufacturers,  cyclohexanone  capacities,  and  produc- 
tion locations  are  presented  in  Table  III-6.  In  1977,  El  Paso  Products  discon- 
tinued their  use  and  production  of  cyclohexanone,  closing  down  a 6.5  million  lb 
per  year  plant.  Rohm  and  Haas,  former  producers  of  cyclohexanone,  no  longer 
manufacture  it.  Dow  Badische,  Monsanto,  and  Nipro  manufacture  cyclohexanone 
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Table  III-5.  U.S.  Cyclohexanone  Production,  1965  to  present 
(in  million  pounds)  (U.S.  Tarriff  Commission). 

1965  1966  1967  1968  1969  1970  1971  1972  1973  1974  1975  1976  1977 

322  314  430  482  704  715  756  783  683  651  554 


Table  III-6.  Current  Producers  of  Cyclohexanone  (Personal  Communication). 


Manufacturer  and  Location 

Allied  Chemical,  Hopewell,  VA 
Calanese  Corp.,  Bay  City,  TX 
Dow  Badiache,  Freeport,  TX 
Monsanto,  Pensacola,  FLj  Luling,  LA 
Nipro/nc.,  Augusta,  GA 
Union  Carbide,  Taft,  LA 


Process  Used  Capacity  (10  lb/yr) 


phenol,  H2 

420 

cyclohexane. 

02 

100 

cyclohexane, 

°2 

?50 

cyclohexane, 

°2 

525 

cyclohexane, 

02 

150 

phenol,  H2 

45 

Total 

1590 

primarily  for  captive  use  as  an  intermediate  for  nylon.  Allied  Chemical  and 
Union  Carbide  manufacture  cyclohexanone  for  both  sales  and  captive  use. 

Allied  Chemical  manufactures  chemical  intermediates  for  nylon.  Union  Carbide 
uses  cyclohexanone  as  a chemical  intermediate  in  polycaprolactone  plastics. 

3.  Usages 

Cyclohexanone  is  primarily  used  as  a chemical  intermediate  In  the 
nylon  industry.  Oxidation  of  cyclohexanone  cleaves  the  ring  to  yield  adipic 
acid,  a precursor  of  nvlon-66. 


H00C-(CH2)4-C00H 


Mixtures  of  cyclohexenol  and  cyclohexanone  cau  be  oxidized  to  adipic  acid 
circumventing  the  need  for  separation  of  the  products  from  cyclohexane  oxida- 
tion. 

Also  of  major  significance  to  the  nylon  industry  is  the  transforma- 
tion of  cyclohexanone  to  caprolactam,  used  for  the  manufacture  of  nylon-6 
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Hydroxylamine  sulfate  reacts  with  cyclohexanone  to  produce  cyclohexanone 
oxime.  The  oxime  readily  transforms  to  caprolactam  via  a Beckman  rearrange- 
ment. 


6 


N - OH 


6 


Manufacture  of  adipic  acid  and  caprolactam,  respectively,  account  for  55 % and 
40%  of  the  cyclohexanone  used  in  the  U.S. 

Union  Carbide  oxidizes  cyclohexanone  under  mild  conditions  to  pro- 
duce caprolactone,  a cyclic  ester. 


The  ester  is  polymerized  to  produce  high  impact  plastics  which  are  used  in 
automobile  bodies  and  skateboards.  Caprolactone  production  is  a minor  use 
of  cyclohexanone,  limited  to  the  2.5%  of  the  U.S.  cyclohexanone  production 
capacity  possessed  by  Union  Carbide. 

Cyclohexanone  is  also  employed  as  an  industrial  solvent  for  degreas- 
ing leather,  cleaning  metals,  for  ink,  pesticides,  paint  and  spot  removers, 

RDX  recrystallization  and  engine  oil  sludge. 

4.  Future  Trends 

In  the  early  seventies,  an  increase  in  solvent  usage  of  cyclohexanone 
was  predicted  due  to  the  expected  proliferation  of  regulations  similar  to 
L.A.  Rule  66.  Rule  66  classified  many  widely  used  ketonic  solvents  as  photo- 
chemically  reactive  while  classifying  cyclohexanone  as  unreactive.  To  date 
substitution  of  cyclohexanone  for  more  reactive  solvents  has  not  occurred  to 
the  extent  that  had  been  anticipated. 

The  nylon  market  which  accounts  for  the  great  majority  of  cyclo- 
hexanone produced  is  healthy.  In  recent  years  there  has  been  concern  that 
as  the  nylon  market  grows  there  will  be  a shortage  of  cyclohexane  (Greek, 
1975).  This  shortage  has  not  materialized  and  is  now  not  expected  to  in  the 
near  future. 


5.  Documented  or  Speculated  Occurrences  in  Che  Environment 

Patterson  e.t  al,  (1976)  estimated  1974  total  cyclohexanone 
emission  to  the  air  at  51.3  million  pounds,  The  major  source  of  these 
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emissions  was  Che  use  of  cyclohexanone  as  a solvent.  They  assumed  that  all 
cyclohexanone  used  as  solvent  would  be  vented  to  the  environment  upon  evapora- 
tion. Emissions  resulting  from  the  manufacturing  process  were  estimated  at 
1%  of  production  by  analogy  to  similar  processes.  Emissions  occurring  during 
bulk  storage  were  estimated  at  0.3  million  pounds. 

SOURCES  AND  EMISSION  ESTIMATES  OF  CYCLOHEXANONE  IN  1974 
(Patterson  et  al.a  1976) 


Source 

Million  pounds 

Solvent  Usage 

42.5 

Production  Losses 

8.5 

Storage 

0.3 

Total 

51.3 

Although  solvent  use  accounts  for  the  largest  amounts  of  cyclohex- 
anone amissions,  these  sources  tend  to  be  small  and  geographically  scattered. 
Sites  of  cyclohexanone  production  should  have  significantly  larger  emission 
densities.  Average  24-hour  ground  level  concentrations  of  cyclohexanone  near 
production  plants  have  been  estimated  at  about  1. 0 ppm  (Patterson  et  al,t 
1976). 


Dow  Badlsche  estimates  a yearly  loss  of  six  hundred  thousand  pounds 
of  cyclohexanone  based  on  a 0.002  pound  loss  per  pound  produced.  These  losses 
occur  from  reactor  and  tank  vents,  waste  water  streams,  and  as  fugitive  emis- 
sions (Dow  ttadlsche,  1978). 

F.  Comparison  of  Civilian  and  Military  Usages  and  Pollution  of  Cyclohexanone 

At  current  capacity,  HAaP  is  a very  minor  user  of  cyclohexanone.  Even 
at  full  mobilization,  only  2,100,000  lb/yr  of  cyclohexanone  would  be  used  at 
HAAP.  This  usage  represents  only  v 0.38Z  of  1975  U.  S.  production. 

Only  air  amissions  statistics  of  cyclohexanone  from  civilian  production 
and  usage  ware  available.  The  civilian  air  emissions  are  estimated  to  be  ^ 
51.3  million  lb.  Thus,  HAAP's  total  air  and  water  effluents  of  cyclohexanone 
(a  maximum  of  2,100,000  lb/yr  at  full  mobilization)  represent  only  4%  of  the 
civilian  air  emissions. 

G.  Environmental  and  Toxicological  Hazards  of  Cyclohexanone 
1.  Human  Exposure  Studies 

In  a study  of  353  workers  exposed  to  cyclohexanone  and  other  chemi- 
cals associated  with  caprolactam  production,  Pestrii  (1970)  found  114  worxers 


-126- 


(III-24) 


with  non-apecific  autonomic  nervous  system  disorders.  Bernard  et  al.  (1962) 
identified  vascular,  cellular  and  degenerative  changes  in  the  lungs  and  liver 
tissues  of  persons  exposed  to  cyclohexanone.  Skin  contact  causes  defatting 
due  to  the  solvent  action  of  cyclohexane. 

Several  controlled  exposure  experiments  have  also  been  performed 
w^.th  human  subjects.  Nelson  at  al.  (1943)  exposed  human  subjects  to  cyclo- 
hexanone vapors.  They  reported  eye  irritation  at  50  ppm.  Exposure  to  75  ppm 
was  objectionable.  The  highest  bearable  concentration  lor  an  8-hour  day  was 
25  ppm. 

Dobrinskii  (1966)  studied  the  effect  of  cyclohexanone  vapors  on  human 
brain  activity.  He  determined  the  threshold  limit  for  effects  of  cyclohex- 
anone for  rhythm  reinforcement  with  the  electroencephalogram.  This  threshold 
concentration  was  22.4  ppb.  The  threshold  concentration  for  conditioned  re- 
flex was  14.9  ppb.  Dobrinskii  also  determined  the  olfactory  threshold  to  be 
53.2  ppb.  On  the  basis  of  the  information  gathered  during  the  study,  Dobrin- 
skii (1966)  suggested  a maximum  permissible  concentration  for  a single  expo- 
sure of  9.9  ppb. 

2.  Mammalian  Toxicity 

a.  Acute  and  Chronic  Toxicity 

Cyclohexanone  is  a common  solvent.  The  toxicological  proper- 
ties of  this  compound  have  thus  besn  relatively  extensively  investigated.  A 
summary  of  the  acute  effects  of  cyclohexanone  administration  to  mammals  is 
presented  in  Table  IXI-7.  The  data  indicate  that  cyclohexanone  is  moderately 
toxic  via  all  routes  of  administration. 

Sublethal  doses  of  cyclohexanone  cause  profound  narcosis  accom- 
panied by  central  nervous  system  depression.  Koeferl  et  al.  (1976)  observed 
sublethal  effects  of  cyclohexanone  in  rats,  dogs  and  monkeys.  They  found 
erythroid  hyperplases  and  extramedullary  hematopoiesis  in  the  spleen  of  the 
dog. 

Chronic  exposure  by  both  oral  and  inhalation  routes  also  lead 
to  central,  nervous  depression.  A summary  of  the  chronic  studies  is  presented 
in  Table  III-8. 

b.  Teratogencity,  Mutagencity  and  Carcinogenicity 

Tha  teratogenicity  of  cyclohexanone  was  tested  on  chick  embryos. 
Griggs  at  al.  (1971)  exposed  eggs  both  prior  to  and  after  incubation  for  96 
hours.  Chicks  hatched  from  eggs  exposed  before  incubation  were  normal,  how- 
ever, there  was  a higher  rate  of  mortality  compared  to  the  controls.  Chicks 
hatched  from  post-incubation  exposed  eggs  developed  locomotor  difficulties 
and  were  unable  to  walk. 

This  preliminary  evidence  indicates  that  cyclohexanone  may 
seriously  affect  the  embryo.  However,  further  studies  are  necessary  to  deter- 
mine the  dangers  to  the  embryo. 


-127- 


C II 1—25 ) 


Table  III-7.  Acute  Toxicity  of  Cyclohexanone  to  Mammals. 


.Number 

Treated 


Dilution  and 
Vehiclo 

Routa  of 
Administration 

par  Doaa  Doaa  1 

Organism  Laval  (a/kk) 

Mortality 

Data 

Reference 

undilutad 

oral 

Rata,  M,W 
(3-4) 

5 

1.541  14  day  4D50 

(1.14-2.08) ( ll. 96  S.D.) 

Nycum  at  al, , 1967 

a. a. 

oral 

Rata,  F 

n.s. 

1.34 

14  day  LD50 

i,  (t 

undiluted 

oral 

Mica 

n.a. 

1.4 

I.D30 

Novogordova  it  uZ.,1967 

undiluted 

oral 

Rabblta, 

"young" 

3 

1.6-1. 9 

LD100 

Treon  at  at.,  1943 

n.a. 

oral 

Mica 

2.78 

24  hr  LD30 

Caujcllt  4 Caujolle, 

1965 

undiluted 

i.p. 

Mica 

1.35 

24  hr  LD50 

Caujolle 

1962 

undiluted 

i.p. 

Gulnaa  pig 

0.76 

8-40  hra. 
min.  lethal 

doaa 

Carasa  4 Cruzlolo,  1954 

undilutad 

1.  V. 

Dog 

0.63 

lathal  dose 

Caujolle  4 Roux,  1934 

air 

Inhalation 

Race,  Carvorth- 
Wietar  4-5  vka 
90-120  g 

6 

ZOOOppm 
(>1>  for  4 
hr». 

1/6,  anaa- 
thaaia  after 
4-6  hra. 

Nycum  at  al. , 1967 

6 

4000ppm 
(>l)  for 

4 hrs . 

6/6  anes- 
thaala  after 
1-5  hrs. 

Nycum  at  at.,  1967 

air 

Inhalation 

Rata,  Carvorth- 
Wiatar  4-5  vka 
9-120  g 

6 

2131-3268 

ppn 

LC50  2639 
ppm  (±1.96 
S.D.) 

Nycum  at  al.,  1967 

6 

Sat.  vap  0/6 

for  0.5  hvs. 

M 

6 

Sat.  vap 
> 0.5  hra. 

Some  deaths 

ll 

air 

inhalation 

Guinea  ptgs.F 
Bleed  stock 
490-600  g 

10 

400  ppm 
(V/V>  (or 
7.6  hrs. 

3/10  died  4 
hrs  efisr  ex- 
posure 

Specht  at  al. , 1940 

undiluted 


undiluted 


dermal 
1 day  atd. 
cuff 


Rabbit 


0.948  14  day  U7  5Q 

<0 . 596—1 . 34)  (±1. 96  S.C.> 


Nycum  at  al. , 1967 


dermal  Rabbit 

5 ml  at  20  Ml 
intervals  than 
wash  < 4 hr* 
total  expoeure 


.a.  10.2-23.0  lethal  range  Treon  atal.,  1943 


(I  II—  — 6) 


WWtf*  ft**»*tjW*"  ******'  * 


Table  I1I-8.  Chronic  Toxicity  of  Cyclohexanone. 
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I i. 

No  information  was  uncovered  on  the  mutagenicity  or 
genicity  of  cyclohexanone.  However,  cyclohexanone  has  tentatively 
ed  for  further  testing  (NCI,  1978). 

c.  Biochemistry  of  Cyclohexanone 

* 

Ketones  can  undergo  a variety  of  reactions  in  vivo. 
reactions  include 

- reduction 

- oxidation 

- conjugation 

Reduction  reactions  require  the  presence  of  nicotinamide  adenine  dinucleotide 
(NADH/NAD+) . This  reaction  proceeds  as  follows! 

0 OH 

II  ..I,* 

R - C - R'  4-  NADH  + H+  > R - CH  - R'  + NAD+ 

X 

In  vivo  studies  on  mammals  indicate  that  51-80!?  of  the  cyclohexanone  is 
reduced  to  cyclohexanol  (Elliott  et  al. , 1959). 

Adipic  acid  has  been  found  present  in  small  amounts  in  the  urine 
after  intraperitoneal  injection  of  cyclohexanone  in  mice  (Filippi,  1914)  and 
guinea  pigs  (Frey,  1939).  Boyland  and  Chasseaud  (1970)  speculate  the  follow- 
ing oxidation  reactions,  which  are  based  upon  conversion  of  cyclohexanone  in 
vivo  to  cyci.ohex-2-en-l-one: 


carcino-  , < 

been  select-  j < 

) | 
t 

i i 


These 


t 


C00H 
5 

CH- 
5 2 
CH- 

l 1 

CH, 

l <■ 

CH, 

t 4 

C00H 

Adipic  Acid 

Glutathione 

Cyclohexanone  is  conjugated  primarily  as  the  glucoronide  of 
cyclohexanol  (Elliot  at  al.,  1959).  Thus  the  ketone  is  first  reduced  to  the 
alcohol.  Some  of  the  cyclohexanone  can  also  be  eliminated  as  the  sulfuric 
acid  ester.  Ireon  et  al.  (1943)  followed  the  glucuronic 'acid  and  inorgani' 
sulfate  concentration  in  the  urine  of  rabbits  after  oral  administration  of 
cyclohexanone.  The  results  of  their  study  are  presented  in  Table  III-9.  The 
inorganic  sulfates  are  decreased  and  the  glucuronities  increased.  Similar 
studies  by  Deichmann  and  Diorker  (1946)  indicate  that  cyclohexanone  is  rapidly 
removed  from  the  blood  while  urinary  excretion  occurs  o-er  a longer  period  of 


! | 
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I 

i 
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else.  Thus  reduction  to  the  alcohol  and  conjugation  appears  to  be  the  main 
biochemical  pathway  for  elimination  of  cyclohexanone.  It  does  not  appear  in 
the  urine  as  the  free  ketone. 
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!■ 
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Table  III-9.  Excretion  of  Glucuronic  Acids  and  Sulfates  in  24  Hour 
Urine  Samples  of  Rabbits  Following  Oral  Administration 
of  Cyclohexanone  (Treon  at  at.,  1943). 


Days  After  Dose  Z Inorganic  Sulfates  Glucuronic  Acid 


1 

38.4 

[Dose] 

890  mg/kg  (1) 

858 

2 

30.8 

2,632 

3 

71.1 

76 

4 

92.7 

81 

1 

58.3 

890  mg/kg  (1) 

2,133 

r 

•m 

62.5 

1,090 

3 

90.1 

78 

4 

89.2 

49 

1 

60 

947  mg/kg  (2) 

1,246 

2 

75 

100 

3 

80 

30 

I 

) 


1 


(1)  Normal  Daily  Excretion  of  Glucuronic  Acid  in  Rabbits,  35.2  mg±24.8  [S.D.] 

(2)  Normal  % Urinary  Sulfates  As  Inorganic  Sulfates,  Approximately  853! 


3.  Aquatic  Toxicity  ■ 

Very  few  studies  have  been  conducted  concerning  the  levels  and 
toxicity  of  cyclohexanone  in  aquatic  systems.  The  acute  toxicity  levels  of 
cyclohexanone  to  aquatic  organisms  are  shown  in  Table  III-1Q.  From  the  frag- 
mentary data,  it  appears  that  cyclohexanone  has  a very  low  toxicity  to  aquatic 
organisms.  The  high  solubility  of  cyclohexanone  in  water  (150  g/1  at  10°C) 
indicates  that  the  low  toxicity  is  not  related  to  the  availability  of  the  sub- 
stance to  the  organisms. 

Cyclohexanone  is  released  in  the  HAA?  G and  H-Building  waste  water 
discharges.  In  an  HAAP  survey  of  the  G and  H-Buildings,  approximately  109  lb/ 
line  of  cyclohexanone,  were  found  to  be  released  from  the  dewatering  and  com- 
position B incorporation  steps  (USAEHA,  1971).  Weekly  grab  samples  for  Janu- 
ary through  June,  1973,  confirm  the  building  survey  results.  During  this  6- 
month  period  four  lines  were  in  operation.  Two  outfalls  (B02A  and  B02B)  were 
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Table  111-10.  Acute  Toxicity  of  Cyclohexanone  to  Aquatic  Organisms 


However,  Helton  (1978)  found  several  compounds  in  the  effluent  of 
HAAP  that  are  produced  from  cyclohexanone.  Some  of  the  compounds  detected 
are  2-(l~cyclohexenyl)-cyclohexanone,  2-cyclohexyl idenecyclohexanone,  2-cyclo- 
hexylcyclohex-2-enone,  and  several  spiro  compounds.  The  affects  of  these 
substances  on  aquatic  organisms  have  not  been  evaluated. 

4.  Phy to toxicity 

No  phytotoxic  reactions  were  observed  in  specimens  of  bean,  corn, 
cotton,  cucumber,  tobacco  and  tomato  exposed  to  a 5"  solution  of  cyclohex- 
anone applied  ao  a spray  to  foliage  or  liquid  to  roots  (Gast  & Early,  1956). 

No  other  information  has  been  encountered. 

5.  Toxicity  to  Microorganisms 

Whan  cyclohexanone  is  used  as  the  sole  carbon  source,  growth  in- 
hibitions of  certain  microorganisms  is  observed.  Terrestrial  Pseudomonas  sp. 
(Konovaltschihof f-Mazoyer  and  Senez.  1956)  and  several  species  of  yeasts 
show  no  growth.  However,  Tanaka  et  i.  (1977)  havo  isolated  a Pseudomonas 
lacteria  which  is  capable  of  using  cyclohexanone  as  the  sole  carbon  source. 

Zus sman  at  at.  (1969)  found  no  inhibition  of  growth  of  Trichophyton  rubrum 
Krown  on  cyclohexanone  media. 
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A detailed  study  of  the  oxidation  of  cyclohexanone  by  lloco.td.ia 
globarula  was  performed  by  Norris  and  Trudgill  (1971).  They  proposed  the 
following  pathway  for  cyclohexanone  oxidation  by  this  bacterium. 


6-hydroxy  caprolc  acid  adipic  acid 


Thus  cyclohexanone  can  be  efficiently  degraded  by  certain  microorganisms  even 
though  it  is  inhibitory  to  others. 

6.  Environmental  Face 

Due  to  its  solubility  in  water,  cyclohexanone  discharged  to  the 
atmosphere  will  be  washed  down  with  rain.  There  is  the  possibility  of 
atmospheric  photolytic  decomposition  to  carbon  monoxide  and  pentene.  This 
prediction  is  baaed  on  laboratory  photochemistry  (sea  Section  C.2).  Cyclo- 
hexanone solubilized  in  environmental  waters  can  also  undergo  photolytic 
cleavage  to  hexanoic  acid,  analogous  to  its  behaviour  under  laboratory  con- 
ditions (see  Section  C.2). 

Studies  have  shown  that  cyclohexanone  is  metabolized  to  adipic 
acid  by  several  pure  strains  of  microorganisms  (Land*  at  at.,  1976). 


£ HOO-C-CH2-CH2-CK2-CH2-COOH 


This  degradation  pathway  is  probably  predominant  in  waters  with  high  biologi- 
cal activity. 

There  is  evidence  (Helton,  1978)  that  the  cyclohexanone  waste  from 
Holston  AAP  undergoes  a variety  of  chemical  transformations  prior  to  environ- 
mental discharge.  The  major  constituent  in  a chloroform  extract  of  Building 
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H-2  wastewater  was  2-hydroxymethyl-cyclohexanone.  This  compound  is  formed  by 
an  aldol  type  condensation  of  cyclohexanone  and  formaldehyde  (see  Section  C.l). 
Three  other  components  of  the  extract,  2- (cyclohexenyl) cyclohexanone  (I), 
2-cyclohexylidene-cyclohexanone  (II),  and  2-cyclohexyl-2-cylohexenone  (III), 
are  products  of  an  aldol  type  condensation  between  two  molecules  of  cyclohex- 
anone. Hydroxycyclohexanyl-cyclohexancne  is  initially  formed.  Dehydration 
is  followed  by  rearrangements  of  the  double  bond. 


Numerous  minor  compounds  were  observed  in  the  chloroform  extract. 
One  has  bsen  identified  as  spiro  [l-oxocyclohexane-2,2'-3' ,4' ,5 ' ,6 ' ,7 ' ,8 
hexahydrobenzo[(b)]  pyran]  (V).  This  compound  is  formed  by  the  Diels-Aldar 
addition  of  two  molecules  of  2-methylane  cyclohexanone  (IV),  the  dehydration 
product  of  2-hydroxymethyl-cyclohexanone. 


The  structural  identity  of  (V)  has  been  confirmed  by  synthesis  (personal  com- 
munication with  D.O.  Helton).  Identification  of  the  other  minor  components 
is  currently  being  undertaken. 

The  environmental  fate  and  toxicity  of  these  cyclohexanone  reaction 
compounds  is  unknown. 

7.  Literature  Availability  for  Phase  II 

Cyclohexanone  is  a common  solvent.  Many  environmental  and  toxico- 
logical studies  are  reported  in  the  literature.  Thus  sufficient  information 
should  be  available  for  a Phase  II  detailed  evaluation  of  toxicological  and 
environmental  hazards. 


I 
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H.  Standards  and  Regulations 

i 

1.  Air  and  Water  Acts 

Rula  66  of  the  Los  Angelas  Pollution  Control  District  places  limits 
on  emissions  from  industrial  solvents.  This  rule  applies  to  organic  solvents 
exposed  to  baking,  heat  curing,  heat  polymerization  or  flame  control  and 
photochemical  solvents.  Cyclohexanone  is  considered  as  non-photoreactive  by 
this  law  and  its  emissions  are  not  limited. 


2.  Occupational  Standards 

OSHA  (1974)  has  established  the  following  limits  on  cyclohexanone 
in  the  work  place 

- vapor  or  gas  ■ 50  ppm 

3 

- particulate  200  mg/m 

These  numbers  correspond  to  the  published  threshold  limit  values  (TLV).  The 
USSR  has  a considerably  lower  limit  of  10  mg/m^  (Lande  et  at.,  1976). 

■ 

3.  Department  of  Transportation 

No  hazard , labels  are  required  for  shipment  of  cyclohexanone  under 
the  Code  of  Federal  Regulations,  However,  cyclohexanone  is  listed  on  the  U.S. 
•Coaot  Guards'  CHRIS  list  (1774). 

I.  Conclusion  and  Recommendations 

Tha  civilian  and  military  uses  and  pollution  of  cyclohexanone  and  its 
toxicological  and  environmental  hazards  have  been  reviewed  during  this  problem 
definition  study.  After  evaluating  the  data,  the  following  conclusions  were 
drawn: 


1,  Cyclohexanone  ia  not  a military  unique  chemical  as  only  0.382  of 
the  U.S.  1975  production  would  be  used  by  HAAP  at  full  mobilizution;  full 
mobilization  pollution  projection  of  the  chemical  would  represent  only  42  of 
the  1974  civilian  air  emissions. 


2.  Additional  data  on  the  carcinogenic  and  teratogenic  potential  of 
cyclohexanone  are  needed.  However,  carcinogenic  and  teratogenic  bioassays 
on  cyclohexanone  itself  should  be  a low  Army  priority. 

3.  The  formation  of  cyclohexanone  addition  compounds  in  the  Holston 
AAP  effluent  appears  to  be  a military  unique  problem.  It  appears  that  the 
proposed  biotreatment  facility  for  HAAP  will  adequately  remove  cyclohexanone 
from  the  HAAP  effluent. 


In  view  of  these  findings,  cyclohexanone  itself  should  be  a low  priority 
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for  a detailed  Fhasa  II  toxicological  evaluation,  unless  new  experimental 
evidence  uncovers  further,  problems  with  this  compound.  However,  the  cyclo- 
hexanone addition  products  require  further  investigation.  This  Investigation 
should  incorporate  the  following: 

- further  sampling  to  quantitate  the  presence  of  these  addition 

compounds  _ 

- a literature  review  of  the  reported  chemical  toxicological  and 
environmental  properties  of  these  compounds 

- mammalian  end  aquatic  toxicological  studios  should  be  carried 
out  on  those  compounds  which  ere  present  in  significant  con- 
centrations and  for  which  sufficient  literature  data  is  not 
available. 


'I 
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SUMMARY 


The  methylamines  are  by-products  of  the  RDX/HMX  manufacture  at 
Houston  Army  Ammunition  Plant.  The  main  documented  source  of  entry  of  these 
compounds  inLo  the  environment  is  from  the  Building  A-l  still  sludge.  At 
present  mobilization  levels,  this  still  operates  only  one  week,  out  of  every 
four  months.  However,  at  full  mobilization,  the  still  would  operate  con- 
tinuously. When  in  operation,  the  effluent  from  this  scill  is  discharged 
into  Amott  Branch  which  flows  directly  into  the  Holston  River.  This  dis- 
charge is  ^21,000  gallons  per  day  containing  ^3500  mg/1  methylamine,  ^2200 
mg/1  dimethylamine  and  M.80  mg/1  trimethylamine.  Discharges  from  the  acidj 
recovery  operations  enter  Arnott  Branch  in  the  same  vicinity.  Thus  the 
unique  situation  of  hi~h  nitrate  and  high  dimethylamine  concentrations  exist 
in  this  Branch.  This  situation  may  lead  to  the  formatiouof  N-nitrosodimethyl- 
amine  under  favorable  conditions  of  low  pH  or  high  microbial  activity. 

The  A-l  still  Is  the  only  source  of  entry  of  the  methylamines  into 
the  environment  from  Holston  Area  B operations  that  has  been  documented. 
However,  the  possibility  exists  of  discharge  oe  the  methylamine  salts  fi'om 
the  acids  removal  and  wash  operations  in  Building  E 

The  civilian  uses  of  the  methylamines  are  numerous  and  widespread- 
Current  production  capacity  is  about  323  million  lb/year  of  mono-,  di-  and 
trimethylamine  in  the  equilibrium  ratio.  Trimethylamine  is  used  almost  ex- 
clusively as  a chemical  precursor  for  choline  chloride.  The  major  uses  of 
dimethylamine  are  for  the  production  of  dimethylformaml.de  and  dimethylacet- 
amide.  Monomethylamine  is  used  as  an  intermediate  in  the  synthesis  of  insecti- 
cides and  surfactants.  It  is  the  most  widely  used  of  the  methylamines. 

The  methylamines  are  widespread  through  the  ecosystem  being  present 
in  fi3h,  plants,  food,  etc.  They  are  not  toxic  to  mammals-  fiah,  micro- 
organisms, plants,  etc.  in  small  amounts.  In  most  organisms,  biochemical 
pathways  exist  for  converting  small  amounts  of  the  methylamines  to  COj  and 
ammonia  or  into  cellular  material.  Even  in  acute  doses,  they  are  relatively 
non-toxic  with  an  LD50 > IOC  rag/kg  for  mammals  and  a 48  hr  LC50  > 300  mg/1  for 
fathead  minnows.  The  invertebrates  appear  to  be  more  sensitive  to  these  com- 
pounds than  the  other  organisms  tested  with  a 48  hour  LC50  of  32  mg/1  tor 
trimethylamine. 

0r.ee  present  in  the  environment,  there  are  several  species  of  micro- 
organisms which  can  efficiently  degrade  the  methylamines.  However,  the  pos- 
sibility of  N-nitrosodimethylamine  formation  in  the  environment  exists.  The 
formation  of  this  highly  potent  carcinogen  is  favored  when  high  concentrations 
of  dimethyl-  or  trimethylamine  and  nitrite  or  nitrate  are  present  in  a low  pH 
ot  high  microbial  environment.  Once  formed,  this  compound  may  persist  long 
enough  to  rt  icii  drinking  or  recreational  water. 

The  methylamines  are  not  a unique  military  problem.  They  are  wide 
spread  throughout  the  ecosystem.  However,  the  discharges  from  the  A-l  still 
Holston  AAP  are  a significant  load  on  the  local  aquatic  system.  In  addition, 
the  presence  of  a high  nitrate  concent  ia  the  same  effluent  can  lead  to  the 


-145-  (IV-3) 


formation  of  the  highly  toxic  N-nitrosodimethylamine.  This  potential  nitros- 
amints  formation  requires  further  evaluation.  It  is,  therefore,  recommended 
that  a detailed  evaluation  of  the  environmental  fate  of  the  methylamines  be 
carried  out  in  Phase  II.  This  evaluation  should  be  backed-up  with  sampling 
and  analysis  data  from  Holscon.  Additional  sampling  should  also  be  conducted 
to  determine  if  any  methylamines  or  their  derivatives  are  discharged  from  the 
F.-Buildings . A detailed  evaluation  of  the  toxicological  hazards  of  the  methyl- 
amines in  Phase  II  should  be  a low  priority. 


FOREWORD 


This  repore  details  Che  results  of  a preliminary  problem  definition 
study  on  the  methylamines.  The  purpose  of  this  study  was  to  determine  the 
Army's  responsibility  for  conducting  further  research  on  the  methylamines  ^ n 
order  to  determine  their  toxicological  and  environmental  hazards  so  that 
effluent  standards  can  be  recommended.  In  order  to  determine  the  Army's  re- 
sponsibility for  further  work  on  the  methylamines,  the  military  and  civilian 
usage  and  pollution  of  these  chemicals  were  evaluated.  In  addition,  a pre- 
liminary overview  of  toxicological  and  environmental  hazards  was  conducted. 

The  methylamines  were  only  three  of  48  chemicals  evaluated  under  Phase 
IA  of  contract  No.  DAMD17-77-C-7057.  These  chemicals  are  grouped  in  four 
categories 

- explosives  related  chemicals 

- propellant  related  chemicals 

- pyrotechnics 

- primers  and  tracers 

Each  category  is  a major  report.  Section  I of  each  report  is  an  overview  of 
the  military  processes  which  use  each  chemical  and  the  pollution  resulting 
from  the  use  of  these  chemicals.  The  problem  definition  study  reports  on 
each  chemical  are  separable  sections  of  these  four  reports, 

• 

In  addition  a general  methodology  report  was  also  prepared.  This  report 
describes  the  search  strategy  and  evaluation  methodology  utilized  for  this 
study. 
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IV.  THE  METHYLAMINES 


A.  Introduction 


The  methylamines  are  unintentional  by-products  of  the  manufacture  of  RDX 
and  HMX  at  Holston  AAF.  Due  to  their  similar  chemical  behavior  and  their 
common  points  of  entry  into  the  environment  from  both  the  Civilian  and  Mili- 
tary Sectors,  the  three  methylamines  will  be  discussed  together. 

B.  Alternate  Names 


Methyl-,  dimethyl-  and  trimethylamine  are  aliphatic  amines  which  result 
from  the  successive  replacement  of  hydrogen  on  ammonia  by  methyl  groups.  The 
structure  of  the  methylamines  and  pertinent  alternates  names  are  listed  below: 

Methylamine 

H'/Sl 

(fH3 

31.06  g/mole 
74-89-5 
Methanamine 
Methylamine 
21 

Aminome thane;  Carb inamine; 
Monomethylamine 

Dimathylamine 

H.C'^CH, 

J H 


Molecular  Weight: 

CAS  Registry  No.: 

CA  Name  (9CI): 

CA  Name  (8CI): 

Wiswesser  Line  Notation: 
Synonyms : 


Molecular  Weight: 

CAS  Registry  No. : 

Replaces  CAS  Registry  No. : 
CA  Name  (9CI) : 

CA  Name  (8CI) : 

Wiswesser  Line  Notation: 


45.08  g/mole 

124-40-3 

14534-15-7 

Methanamine,  N-methyl- 

Dimathyl amine 

1M1 


Trimethylamine 


®3 


3 


Molecular  Weight : 

CAS  Registry  No.: 

CA  Name  (9CI) : 

CA  Name  (8CI) : 

Wiswesser  Line  Notation: 


59.11  g/mole 
75-50-3 

Methanamine,  N,N-dimethyl- 

Trimethylamirte 

INI 
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c. 


Physical  Properties 


The  physical  properties  of  the  methylamines  are  presented  in  Table  IV-1. 
The  infrared  spectra  and  the  ultraviolet  spectra  of  the  methylamines  are 
shown  in  Figures  IV-1  and  IV-2. 

D.  Chemical  Properties 

1.  General  Reactions 

The  chemistry  of  the  methylamines  is  centered  on  nitrogen's  unshared 
electron  pair.  These  unbonded  electrons  account  for  the  predominant  chemical 
properties  of  the  methylamines:  their  basicity  and  their  nucleophilic  behav- 
lor. 


k> 


(J 


I' 


1973): 


Basicity  constants  for  the  methylamines  are  (Morrison  and  Boyd, 


monomethylamine : 
diraethy lamine : 
trimethylamlne: 


*b  4 

4.5  x 10-4 

5.4  x 10**4 

0.6  x 10“4 


Under  strongly  alkaline  conditions,  the  methylamines  exist  in  solution  as  the 
free  base.  At  pH  10,  the 

(CH3)2-NH  ^ > <CH3)2-NK2  + OH" 

ratio  of  free  amine  to  protonated  ammonium  ion  is  approximately  one.  At  a 
pH  4,  essentially  all  the  amine  exists  in  the  ionic  form. 


Mono  and  dimethylamine  are  excellent  nucleophiles,  participating  in 
a wide  number  of  additions  and  substitution  reactions.  Trimethylamlne  is  a 
less  effective  nucleophile.  The  bulkiness  of  the  third  methyl  substituent 
sterically  hinders  nucleophilic  attack.  Additionally,  lack  of  an  amine 
proton  prevents  relief  of  the  positive  charge  from  the  addition  product. 


(CH3)2-NH  + C2H5C1  } (CH3)2-N-C2H5  ^ (CH3)2-N-C2H5  + H+ 

+ 

(CH3)3-N:  + C2H5C1  > (CH3)3-N-C2H5 

Several  well  known  reactions  involving  the  methylamines  as  nucleoohiles  are 
compiled  in  Figure  IV-3. 

Both  di-  and  trimethylamlne  in  nitrous  acid  form  N-nitrosodimethyl- 
amine,  a reaction  which  will  be  discussed  in  the  next  section.  The  reaction 
of  monomethylamine  with  HN02  does  not  produce  a nitrosamine  but  results  in 
diazotization. 


Ml1  r'“ 
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Table  T"-l.  Physical  Properties  of  Methylaaine,  Dinethylaaine  and  Triaethylamine. 
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Figure  IV-1,  Infrared  Spectra  of  the  Mathylamines 
(Pouchert,  1975). 
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Figure  IV-2.  Ultraviolet  Spectra,  of  the  Mathylarainas 
(Calvert  and  Pitta,  1967). 
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1.  Manuich  Reaction: 

HC(OCH2CH3)3  + (ch3)2nh  + ch3coch2ch3 


£ (CH3)2N“CH-CHCOCH2CH3 


Amide  Formation: 

CH3COOCH3  + CH3NH2 

> CH3CONHCH3 

0,  (?  Aminoalcohol  Formation: 

(CK,)2NH  + ,0  

— > (ch3)2n-ch2ch2oh 

ch2-ch2 

4, 


Dithiocarbamate  Formation: 

(ch3)2nh  + S-C-S 


(CH3)2-N-C-SH 


ft 


■ Figure  IV- 3. 

i. 

S 


Nucleophilic  Addition  Reactions  of  the  Methylamines. 
(March,  19o3;  Commercial  Solvents,  1965) 
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. • ► 


ch3nh2  + hno2  — > [ch3n2+]  > ch3oh  + n2  I 

Unlike  their  aromatic  analogs,  aliphatic  diazo  compounds  are  unstable  and  de- 
compose spontaneously.  In  water,  diazomethane  decomposes  to  methanol  and 
molecular  nitrogen. 

Methylamines  can  be  oxidized  with  aqueous  hydrogen  peroxide  to 
amine  oxides . 

H,0_ 

(CH3)3N:  (CH3)3N-0 

Oxidation  of  alkylamines  with  ozone  can  occur  along  two  pathways.  Amine  oxide 
formation  can  occur  and  is  the  predominant  reaction  in  ozonation  of  tert- 
butylamlne. 


°3  CH3  ^ 

(ch3)3-c-nh2  — >*-■>  ch3-c-n-**o 

ch3  h 

The  methylamines  possess  primary  alkyl  substituents  and  undergo  side  chain 
oxidation  in  competition  with  oxide  formation. 

CH,  0,  CH20H 

Side  chain  oxidation  to  N,N-dimethylcarbinolamine  is  predominant  in  trimethyl- 
amine  ozonation  (Evans,  1973). 

2.  Environmental  Reactions 

a.  N-nitrosodimethylamine  Formation 

Currently  the  environmental  transformation  of  methylamines  to 
N-nitrosodimethylamine  is  of  major  concern.  It  can  be  formed  from  dimethylamine, 
triraethylamine,  or  trimethylamine  oxide.  Tables  IV-2' through  IV-5  summarize 
some  of  the  experimental  results.  Nitrosatlon  of  dimethylamine  occurs  readi- 
ly in  solution. 


H,C-N-N-0 

The  reaction  has  been  carried  out  at  a varity  of  temperature  and  pH's.  Mild- 
ly acidic  conditions  are  most  favorable  with  N-nitrosodimethylamine  formation 
from  nitrous  acid  and  dimethylamine  optimized  at  pFF  5 . At  the  extremes  of 
pH,  values  less  than  2 and  larger  than  10,  nitrosatlon  dots  not  occur. 
N-nitrosodiraethylamine  is  not  formed  to  an  appreciable  extent  in  basic  environ- 
ments (pK  7 to  9)  in  the  absence  of  a catalyst.  In  the  presence  of 


NO, 


formaldehyde 


Table  IV-3.  Formation  of  N-nitrosodimethylamine  from  Trimethylamine 
or  Trimethylamine  Oxide  and  Nitrite  in  Acetic  Acid 
(pH  3. 7-4.0)  at  90°C  (Lij insky  and  Singer,  1973). 


Concentration 
of  Nitrite 


5 M 
4 M 
3 M 
2 M 
1.5  M 
1 M 

0.75  M 
0.5  M 
0.25  M 


0.2  M 


0.04  M 


After  4 hours. 


NDMA  formed  (X  yield)5 


0.5  M Trimethylamine 


57 

54 

44 

41 

40 

31 

23 

11 

5 


0.05  M Trimethylamine 


15 


0.01  M Trimethylamine 


1.3 


0.5  M Trimethylamine  Oxide 


54 

58 

48 

40 

35 

20 

9 

4 

0.2 


0.05  M Trimethylamine  Oxide 


19 


0.01  M Trimethylamine  Oxide 


20 
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Table  IV-4.  Amount..,  of  N-nitrosodimethylamine  Formed  from 
Equimolar  Amounts  of  Dimethylamine  and 
Trimethylamine  (Scanlan  et  at.,  1974). 


mmol  of  amine/ 

ICO  ml 

Molar  ratio 
amine : 
nitrite 

NDMA 

formed,,  ppra“ 

NDMA 

from 

DMA 

divided 

bv 

NDMA 
fvom  TMA 

0.58 

DMA 

1:1 

0.540 

8.1 

0.58 

TMA 

1:1 

0.066 

4,44 

DMA 

7.6:1 

12.9 

2.3 

4.44 

TMA 

7.6:1 

5.6 

17.8 

DMA 

30.4:1 

64.9 

1.3 

17.8 

TMA 

30.4:1 

51.1 

44.4 

DMA 

76:1 

133.5 

0.64 

44.4 

TMA 

76:1 

208.9 

88.8 

DMA 

152:1 

233.5 

0.60 

88.8 

TMA 

152:1 

388.7 

Cooditionj ; pH  6.4,  100*  for  2.5  hr.,  MaN02»  0.58  imao  1/100  ml  (400  ppm) 
appm  in  the  reaction  solution 
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Table  IV-5.  Amount  o£  N-nitrcsodimethylamine  Formed 
Frot'  Equimolar  Amounts  of  Trimethylamine 
and  Dimethylamine  at  Different  Acidities 
and  Temperatures  (.Scanlan  et  at..  1974). 


— 

pH 

Temperature 

°C 

NDMA  from 
DMA,  ppma 

NDMA  from 
TMA,  ppma 

6.4 

100 

37.1 

3.61 

6.4 

24 

O.S 

0.010 

3.2 

37 

8.6 

0.209 



Concentrations:  amines,  4.44  mmol/ 100  ml 
NaN02,  2.22  mmol/ 100  ml 

Reaction  time:  2.5  hr. 
appm  in  the  reaction  solution 


t 


i 


I 

! 

i 
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formaldehyde, which  acta  as  an  electrophilic  catalyst,  dime thy lamina  will 
undergo  extensive  nitrosation  even  under  basic  conditions  (Roller  and  Keefer, 


Trimathy lamina  will  react  with  HNO2  to  form  N-uicrosodimethyl- 
autine.  Ac  ratios  of  amine  to  nitrite  ranging  from  one  to  ten,  this  reaction  Is  sev- 
eral times  slower  than  nitrosamine  formation  from  dlmethylamine.  As  the  amine 
to  nitrite  ratio  increases,  the  rates  of  N-nitrosodimethylamine  formation  from 
the  two  amines  in  comparable.  At  amine  to  nitrite  ratios  of  152  to  1,  tri- 
methylamina  conversion  is  faster,  Optimum  pH  for  the  reaction  at  10O°C  is 
3.2  (Scanlan  at  at.,  1974). 

Trim* thy lamina  oxide  in  HNO2  also  leads  to  formation  of  N-nitroso- 
dime thy lamina  (Lijinsky  and  Singer,  1973). 


A1C  CH. 


J V-N- 

H,C 


N'-nitrosodimethy  lamina  formal  ion  has  been  observed  from  dimethyl- 
amine  vapor  and  atmospheric  HNCij  (Hanst  at  at.,  1977). 

H20  + N02  2HNO3 

Nitrosation  of  dlmethylamine  vapor  occurs  following  the  rate  aquation  (Han*t 
at  cl .,  1977). 


d(CH3) 2WN0 


k'  PHNO,'  P(Oi3)2NH 


k*0.Q8  ppm  ^ min 


Photolytio  decomposition  of  HNO2  occurs  much  more  rapidly  than  its  formation., 
For  this  reason  atmospheric  N-nitrosodimethy^imine  will  form  only  at  night. 

N-nitro  '-jodirae  thy  Lamina  also  undergoes  photolytic  decomposition  to 
nitric  oxide,  carbon  monoxide,  formaldehyde  and  an  unidentified  compound. 
Atmospheric  half"lives  of  thirty  and  sixty  minutes  (a  clear  sunny  day  and  a 
cloudy  day)  at  11:00  a.m.  have  baen  observed  (Hanst  at.,  1977). 

b.  Photochemical  Decomposition 

Photolysis  of  monoraethylaraine  generates  hydrogen,  methane, 
ethane,,  ethylcnimine,  dimethylamine  and  azomethnne  (Terenin  and  Vilessov,  1963) 


CHjNHj 


H-C  H,C 

h2  + ch4  + c2h6  + j>sn  v (ch3)2nii  + J W 

H CH. 


(IV-20) 


» 111.1  I mm— I uaua:, , Wn. 


Primary  processes  involve  hydrogen  radical  generation  and  homolytic  cleavage 
of  C-N  bonds. 


r 


L 


The  photolysis  of  di-  and  triraethylaraine  should  be  similar. 
Photolytic  decomposition  of  triuethylamine  has  been  reported  to  yield  ethane, 
hydrogen  and  methane  suggesting  the  generation  of  methyl  and  hydrogen  radi- 
cals. Nitrogen  radicals  will  also  be  generated  which  might  undergo  various 
recombinations  and/or  oxidations. 


Trlmethylamlne  undergoes  a non-photolytic  gas  phase  reaction 
with  SC>2  at  ordinary  temperature  to  form  a solid  (Burg,  1943). 


H C 

3 X!<8>  + SO-  (g) 

H3C  ®3 


An  amine :S03  adduct  can  also  be  formed 

+ SO, 
H3C  CH3  j 

Oxidation  Reactions 


H„C 

ki 


a3c  ch3 


H3CV 


->  A*  so3 

h3=  at3  J 


Oxidation  of  methylamines  in  water  to  either  N-oxides  or  car- 
binolaminea  may  result  in  eventual  degradation  to  formaldehyde  and  ammonia. 
The  reaction  sequences  are  illustrated  in  Figure  IV-4.  N-oxidation  of  mono- 


diraethylamine  will  lead 

to  hydroxylamines . 

H.C 

3 ^ 

H3Cv  H 

H Cs 

_ N-H 

^ ,11  + 0 

J N-OH 

HjC 

~ CH3 

CH3 

H-C 

H,C  H 

H..C 

3 >H  _ 

J N -+  0 

3 \ 

N-OH 

H 

h' 

H 

3.  Sampling  and  Analysis 

Gas  clvvomatography  is  the  most  useful  analytical  method  for  the 
methylamines.  It  has  been  applied  to  detection  of  methylamines  in  gas 
samples,  in  solution,  and  absorbed  in  tissues.  A variety  of  columns,  detec- 
tors, and  conditions  have  been  used  by  many  investigators.  GC  procedures 
have  been  developed  for  the  separation  and  determination  of  mathylamlnes  in 
the  atmosphere  (Okita,  1970),  in  biological  fluids  (Dunn  at  al.t  1976),  in 
fish  tiasuec  (Gruger,  1972,  Miller  at  at.,  1972),  in  various  foodstuffs 
(Singer  and  lijinaky,  1976),  in  plants  (Khramova  and  Bokarev,  1976),  and  in 
waatawater  (Onuaka,  1972).  Quantitative  analysis  at  the  ug/ml,  pg/g  and  ppm 
levels  have  been  widely  reported.  Lowar  limits  of  detection  are  on  the 
order  of  ng/ml  (ng/g,  and  ppb). 
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Figure  IV- 4.  Oxidative  Degradation  Reactions  of  the  Methylamlnes ■ 


Other  analytical  techniques  for  methylamines  include: 

- Ion  exchange  chromatography  has  been  used  for  the  separation 
and  determination  of  mono-,  di-,  and  trimethylamine  and  ammonia  in  aqueous 
solutions.  Reliable  results  were  obtained  with  samples  containing  150-450 
ppm  monomethylamine,  10-50  ppm  dimethyl amine,  and  10-50  ppm  trimethylamine 
(Bouyoucos,  1977) 

- . Low  temperature  Infrared  spectroscopy  was  demonstrated  to  be 
applicable  to  the  identification  of  amines  in  the  air.  This  technique  has 
limited  use  fcr  quantitative  estimations  (Ball  and  Purnell,  1976). 

- An  automated  method  for  routine  determination  of  trimethyl- 
amine in  fish  was  developed  in  the  early  sixties.  Improvements  on  the  method 
now  allow  determination  of  dimethylamine  and  ammonia  as  well.  Analyses  can 
be  done  on  the  pg/ml  level  at  a rate  of  30  samples  per  hour  (Ruiter  and  . 
Weseman,  1976). 

E.  Uses  in  Army  Munitions  Production 


1.  Purposes 

The  methylamines  are  not  used  or  intentionally  produced  in  the  pro- 
duction of  munitions.  They  are,  however,  produced  in  substantial  quantities 
as  by-products  in  the  manufacture  of  RDX  and  HMX  at  Hols  ton  AAP.  RDX  is 
made  by  the  Rachmann  process  which  involves  the  nitration  of  hexamine  ac- 
cording to  the  following  reaction: 

2c6h12n4  + 4hno3  + 2NH4NO3  + 6(CH3CH0)20  > 2RDX  + 12HOOCCH3 

The  Bachmann  process  uses  a large  amount  of  nitrate  salts  along  with  the 
nitric  acid.  In  the  reactor  environment,  hexamine  can  be  partially  degraded 
to  ammonia  and  formaldehyde.  The  formaldehyde  formed  can  undergo  a variety 
of  reactions  including 

Cannizino 

CH20  + CH20  > CH3OH  + HCOOH 

Oxido-reduction 

' ' QJ  Q Q 

NH4NO3  + CH2O  h3cnh2-iino3  — (H3C)2NH*HN03  ■ > (H3C)  3n*  hno3 

As  discussed  in  Section  II  of  this  report  (the  hexamine  report),  the 
yields  of  RDX  and  HMX  are  only  ^652  based  on  the  hexamine  used.  The  remainder 
of  the  hexamine  ends  up  as  impurities  such  as  formaldehyde,  formic  acid, 
the  methylamines,  SEX  and  TAX.  The  exact  amount  of  the  .individual  methyl- 
amines formed  is  highly  dependent  on  operating  conditions.  However,  methyl- 
amine  is  always  present  in  significantly  greater  quantities  than  dimethyl- 
or  trimethylamine. 
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2.  Estimated  or  Speculated  Occurrences  in  the  Environment 


The  A-l  Building  still  sludge  is  the  main  documented  source  of  the 
entry  of  methylamines  into  the  environment.  Significant  quantities  of  methyl" 
amine  salts  or  derivatives  could  also  enter  the  environment  from  the  E Build- 
ings. However,  the  quantities  of  methylamines  discharged  from  the  E Build- 
ings have  not  been  monitored. 

At  current  production  levels,  the  A-l  still  operates  one  week  every 
four  months.  At  full  mobilization  this  still  would  operate  continuously.  At 
a still  feed  rate  of  15  gallons  per  minute,  ^21,000  gallons  per  day  are  dis- 
charged into  Arnott  Branch  (USAEHA,  1971).  This  discharge  contains  ^3,500 
mg/1  mathylamlne,  ^2,200  mg/1  dimethylamlne  and  ^180  mg/1  trimethylamlne  plus 
othar  products  such  as  hexamine,  formaldehyde,  ammonia  and  copper  (Adams  end 
Whiting,  1976).  Therefore,  613  lb/day  of  methylamine,  385  lb/day  of  dimethyl- 
amine  end  31.5  1'b/dey  of  trimethylamlne  would  be  discharged  from  this  still. 
Thus,  estimated  concentrations  of  the  methylamines  in  Arnott  Branch  (assuming 
full  mixing  and  a Branch  flow  rata  of  21  million  gallons  per  day)  are  3.5, 

2.2  and  0.2  mg/1  of  methylamine,  dimethylamine  and  trimethylamlne,  respec- 
tively. However,  full  mixing  would  not  be  expected  to  occur  immediately. 
Therefore,  local  concentration  could  be  very  high  as  indicated  below. 


Table  IV-6.  Estimated  Levels  of  the  Methylamines  in  Arnott  Branch 
as  a Function  of  Different  Degrees  of  Mixing. 


Concentration  in  mg/1 

Degree  of 
Mixing 

Methylamine 

Dimethylamine 

Trimethylamlne 

IX 

350 

220 

18 

10Z 

33 

22 

1.8 

100Z 

3.5 

2.2 

0.2 

In  addition  to  the  potentially  high  dimethylamine  content  in  Arnott 
Branch,  this  water  also  contains  large  amounts  of  nitrates  from  Area  B acid 
recovery  operations.  Thus,  the  potential  exists  for  formation  of  N-nitrosodi- 
methylamine . 

F.  Uses  In  Civilian  Community 
1.  Production  Methodology 

Mono-,  di-,  and  trimethylamlne  are  produced  together  in  a continuous 
process  by  the  reaction  of  ammonia  and  methanol.  Figure  IV-5  shows  the  pro- 
cess schematically.  Anhydrous  ammonia  and  methanol  are  fed  continuously  to  a 
vaporizer.  The  resulting  gas  stream  flows  through  the  heat  exchanger  and  a 
super-haater  to  the  reaction  vessel  packed  with  an  amination  catalyst.  The 
ammonia  and  methanol  react  exothermically  to  form  a mixture  of  methylamines. 
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The  hot  gaseous  products  are  passed  through  the  heat  exchanger  where  heat  Is 
•■xchangad  with  the  forward  gas  flow.  The  gaseous  methylamines  then  go  to  a 
:ondenser  where  the  crude  product  liquifies  prior  to  separation. 

The  crude  product  containing  ammonia,  water  and  the  three  methyl- 
amines  is  fad  to  a series  of  four  distillation  columns.  The  first  column 
removes  the  excess  ammonia  as  a trimethylamine : ammonia  azeotrope.  This 
mixture  is  recycled.  The  bottoms  are  fed  to  the  second  column  where  pure 
trimethylamine  Is  removed  via  extractive  distillation.  The  bottoms  from  the 
second  column  are  fed  to  the  third  column  where  raonome thy lamina  is  obtained 
as  cop  product  steam.  Dimethylamina  is  distilled  off  the  top  of  the  fourth 
column.  The  remaining  water  is  drained  to  waste.  The  yields  are  95%  from 
ammonia  and  methanol.  Product  purity  is  better  than  99%  (Leonard  Process 
Co.,  Inc.,  1978). 

The  crude  product  mixture  is  an  equilibrium  system  with  the  ratio 
of  mono-  to  di-  to  trimethylamine  fixed  by  the  reactor  parameters.  If  a 
particular  methylamine  Is  desired  in  larger  proportions,  the  other  two  may 
be  recycled  to  the  reactor  to  suppress  new  formation  of  their  species,  This 
allows  flexibility  to  accommodate  variations  in  the  market. 

2.  Production,  Manufacturers,  and  Capacities 

Production  capacities  and  sites  ere  in  Table  IV- 7. 


Table  IV-7.  U.S.  Producers  of  Methylamines  (S.R.I.,  1977a). 

Capacities! 


Producers 10°  lb/yr 

Air  Products  and  Chemicals,  Pensacola,  Florida  100 

£.1.  duPont,  Belle,  West  Virginia  185 

La  Porte,  Texas 

GAF  Corporation,  Calvert  City,  Kentucky  10 

IMC  Chemical  Group,  Terre  Haute,  Indiana  28 

Total  323 


The  capacities  are  for  mono-,  di-,  and  trimethylamine  in  the  equilibrium 
ratio.  If  the  products  are  recycled  to  increase  the  amount  of  a desired 
amine,  Che  capacities  are  significantly  lower  (S.R.I.,  1977a). 

The  Pennwnlt  Corporation  and  Rohm  and  Haas  currently  have  methyl- 
amine  plants  on  standby  with  respective  capacities  of  10  million  and  14  mil- 
lion pounds  per  year. 


-168- 


< IV—  26) 





■ . » 


3.  Usages 


Trimethylamine  is  used  almost  exclusively  as  a chemical  precursor 
for  choline  salts. 

CH,-N±.  CH,CH,0H  Cl' 

.61 

choline  chloride 

Numerous  choline  salts  arc  used  a3  therapeutic  and  nutritional  agents 

Dimethylamine  has  a vide  variety  of  applications.  Production  of 
dimathylformamide  and  dimethylacetamide  accounts  for  fifty  percent  of  di- 
methylamine  consumption. 


H-N. 


CH, 

Xu  + 

HCOOH  — ■ 

0 /CH 

— » Hfi-N. 

ch3 

CH 

,CH 

9 ; 

+ 

ch3cooh  

ch3c-n 

'CH., 

( 

CH. 


Dimathylformamide  and  dimethylacetamide  are  used  as  solvents  in  the  acrylic 
fibur  and  butadiene  industry.  The  manufacture  of  lauryl  dimethylamine  oxide, 
a surfacant,.  is  the  second  major  use  of  dimethylamine. 


CH, 

i J 


CHsC^C^C^C^C^CH^^C^C^C^C^-jM-  0 
lauryl  dimethylamine  oxide  3 

The  third  major  use  of  dimethylamine  is  the  synthesis  of  rubber  accelerators. 
These  Include  thiurams  and  metal  salts  of  dimethyldithiocarbamic  acid. 


■hUs-s-t/”’ 


“3° 


CH. 


tetraraethylthiuram 

disulfide 


S CH, 
H-S-ii-N  3 

vch3 

dime  thy  IditW  ocarbamic 
acid 


Miscellaneous  uses  of  dimethylamine  include  the  amine  salt  of  the 
herbicide  2,4-D,  as  an  intermediate  for  unsymmetrlcal  ditnechylhydrazine  for 
rocket  fuels  and  in  the  dye,  drug  and  leather  Industry. 

Monoraethylamine  is  u3ed  as  an  intermediate  for  1-naphthyl-N-methyl 
carbanate,  a contact  insecticide. 


0 H 

o-B-nC 


CH. 


-169- 


(IV-27) 


Other  uses  of  monomethylamine.  include  starting  materials  for  the  synthesis  of 
surfactants,  methylhydrazine,  methyl  nitrate,  and  methyl  pyrrolidone. 


I 


The  uses  of  methylamine  are  tabulated  below. 


Table  IV-8.  Use  of  Methylamines  (Lowenheim, 

1975}  S.R.I. , 1977b). 

Use 

% Consumed 

Monomethylamine 

Insecticides 

50 

Surfactants 

25 

Other 

25' 

Dimethylamine 

Dlmethylformamide/Dlmethylacetamide 

50 

Lauryl  dimethylamine  oxide 

15 

Rubber  Accelerators 

15 

Other 

20 

Trimethylamine 

Choline  Compounds 

95 

Other 

5 

4,  Future  Trends 


The  versatility  of  the  methylamines  for  use  as  intermediates  has 
allowed  good  growth  for  these  chemicals,  Future  growth  rates  of  7-8%  per 
year  are  expected.  However,  this  growth  is  highly  dependent  on  the  agricul- 
tural chemical  market.  This  market  could  be  adversely  affected  by  the  Toxic 
Substances  Control  Act.  If  the  7-8%  predicted  growth  rate  is  realized,  new 
production  capacities  will  be  needed  by  the  early  1980 's  (Chem.  Week,  1977). 

5.  Documented  or  Speculated  Occurrences  in  the  Environment 

Methylamines  have  been  identified  in  flowers,  plants,  and  trees 
(Smith,  1971).  Amine  producing  flowers  are  generally  characterized  by  a 
fishy  smell.  Trimethylamine  occurs  in  Chemopodium  vulvaria , a plant  which 
smells  strongly  of  fish.  Methylamine  and  trimethylamine  have  been  detected 
in  apple  spurs.  Methylamine  and  dimethylamine  along  with  other  aliphatic 
amines  have  been  identified  in  the  air  around  cattle  feedyards  (Mosier  at  'll., 
1973). 


Dimethylamine  and  trimethylamine  are  known  to  'be  present  in  commer- 
cial fish,  targe  quantities  can  be  generated  during  storage  and  significant 
research  has  gone  into  the  detection  of  amines  in  marina  fish  (Gruger,  1972). 

Singer  and  LiJ insky  (1976)  have  investigated  a variety  of  consumer 
goods  for  secondary  amines  and  found  uimethylamine  present  in  canned  tuna, 
frozen  and  fresh  fish,  ham,  hot  dogs,  milk,  coffee,  tea,  beer,  wine,  and 
tobacco.  Their  findings  are  tabulated  in  Table  IV-9. 


• ■ . . » 


D 


i 


3 
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Table  IV-9.  Diraethylamines  in  Foodstuffs  and  Tobacco 


Canned  tuna 

uraol/lOOg 

51 

■ PP"- 

23 

Frozen  ocean  perch 

400 

180 

Frozen  cod 

1640 

740 

Freshwater  trout 

15 

7 

Freshwater  bass 

250 

110 

Salmon 

180 

82 

Baked  ham 

5 

2 

Hot  dogs 

2 

1 

Evaporated  milk 

7 

3 

Whole  milk 

0.8 

0.2 

Coffee 

4 

2 

Tea 

1.6 

0.7 

Canned  beer 

1.3 

0.6 

Bottled  beer 

1.6 

0.7 

Wine 

0.2 

0.07 

Tobacco 

- 

9-75 

Cigarette  smoke  (condensate) 

1.8* 

110 

apg  per  cigarette 


G.  Comparison  of  Military  and  Civilian  Usage  and  Pollution 

The  methylamines  are  produced  in  large  volumes  by  the  civilian  community. 
Current  production  capacity  is  323  million  lb/yr  of  mono-,  di-  and  triraethyl- 
aminc  in  the  equilibrium  ratio.  In  addition,  the  methylamines  are  wide  spread 
throughout  the  ecosystem.  The  Army  does  not  intentionally  manufacture  methyl- 
amines.  They  are,  however,  by-products  of  RDX/HMX  manufacture  at  HAAP.  The 
methylamines  enter  the  environment  in  significant  quantities  when  the  Build- 
ing A-l  still  is  in  operation.  Thus,  although  the  Army's  discharge  of  methyl- 
amines is  minor  compared  with  that  of  the  civilian  production  and  use,  it  can 
be  significant  to  the  local  ecosystem  at  HAAP.  Due  to  the  high  nitrate  con- 
centration in  HAAP  discharges,  the  potential  for  N-nitrosodiraethylaraine  forma- 
tion exists.  For  this  reason,  the  HAAP  discharges  of  methylamines  are  rela- 
tively unique  since  high,  nitrate  and  dimethylamine  concentrations  are  not 
normally  located  in  the  same  area. 

H.  Toxicological  and  Environmental  Hazards 

1.  Toxicity  to  Mammals 

A summary  of  various  acute  toxicity  studies  with  the  methylamines  is 
presented  in  Table  IV-10.  In  general,  the  acute  toxicity  of  the  methylamines 
to  mammals  is  fairly  low  with  LDSO's  averaging  several  hundred  mg/kg. 

The  main  toxicological  danger  from  the  methylamines  is  due  to  the 
potential  in  vivo  formation  of  N-nitrosodimethylamtne.  This  toxic  chemical 
has  been  shown  to  be  a carcinogen  in  animals  (NIOSH,  1977) . This  carcinogen 
is  known  to  be  readily  formed  under  acidic  conditions  and  high  nitrite  concen- 
tration. Methylamine  and  trioethylamine  can  also  be  metabolized  to  dimethyl- 
amine  by  the  biochemical  pathway  shown  in  Figure  IV-6. 

Several  researchers  have  investigated  the  potential  in  vivo  forma- 
tion of  N-nitrosodimethylamine.  For  example,  Ishiwata  et  at.  (1975)  showed  N- 
nitroaodimethylamine  could  be  produced  from  dimethylamine  hydrochloride,  sodi- 
um nitrate  and  glucose  in  the  presence  o£  human  saliva.  Lane  and  Bailey  (1973) 
studied  the  formation  of  N-nitrosodimethylamlne  in  human  gastric  juices.  When 
100  ppm  each  of  nitrite  and  dimethylamine  were  present  in  the  gastric  juices, 
the  optimum  pH  for  N-nitrosodimethylamine  formation  was  determined  to  be  2.5. 
Mirvish  (1970)  found  a slightly  higher  optimum  of  pH  of  3.4  for  N-nitroao- 
dimcfhyl amine  formation  in  gastric  juices.  The  formation  of  N-nitrosodimethyl- 
amina  under  neutral  anaerobic  conditions  in  rat  caecal  intestine  contents  has 
also  been  shown  to  occur  (Klubes  and  Jondorf , 1971) . They  hypothesized  that  the 
nitrosamine  formation  was  dependent  on  metabolism  by  intestinal  microorganisms . 

Studies  on  the  conversion  of  dimethylamine  tt? N-nitrosodimethylamine 
have  only  found  nitrosamine  formation  at  very  high  levels  of  dimethylamine 
and  nitrite.  If  it  can  be  shown  that  N-nitrosodimethylamine  is  also  formed  at 
lower  level*  of  dimethylamine,  then  the  chronic  toxicity  of  the  methylamine 
to  mammals  and  man  will  be  a major  problem  which  must  be  attacked  in  the 
future. 


i 

' 
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Table  IV-10.  Acute  Toxicity  of  the  Methylaslnes  to  Manmals. 


Choline,  lecithin 

* 


TMA — TMA-0 


* » Bacterial  action 

TMA.  - tr  imethvlamine 
TMA-0  - crime thy lamine  oxide 
DMA  - dime thy lamine 

MNA  - tponcme  thy  lamine 


Figure  IV-6.  In  vivo  Metabolic  Scheme  for  the  Methvlamines. 
(Slmenhoff,  1975) 
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2.  Aquatic  Toxicity 


[ 


i 

i 


The  methylamines  are  known  to  occur  naturally  in  aquatic  ay.; toms . 
For  example,  triinethylamine  has  been  shown  to  be  produced  in  fish  (Sasajma, 
1968)  and  algae  (Sakevich,  1970).  In  npite  of  their  wide  spread  occurrence 
in  the  ecosystem,  the  methylamines  are  relatively  toxic  to  many  aquatic  orga- 
nisms when  presented  in  acute  doses.  Results  of  acute  toxicity  studies  with 
Daphnia  tnagrta  and  the  Fathead  Minnow  ate  summarized  in  Table  IV-11. 


Table  IV-11.  Acute  Toxicity  of  the  Methylamines  to  Aquatic  Organisms. 


Species 

Substances 

Hours 

Reference 

Daphnia  magnet 

Methylamine 

24 

>125 

Warner  ei 

at. , 1973 

H II 

Methylamine 

48 

96.3  ■ 

It 

II 

tl  li 

Dimethylamine 

24 

155 

II 

It 

»l  If 

Dimethylamine 

48 

135 

If 

II 

It  It 

Trine thy lamine 

48 

32-56 

tl 

tl 

Fathead  Minnow 

(Pimephatea  promelaa) 

Methylamine 

24 

>320 

>1 

II 

II 

Methylamine 

48 

>320 

tl 

II 

It 

Methylamine 

96 

290 

If 

»» 

II 

II 

Dimethylamine 

24 

>560 

II 

If 

II 

II 

Dimethylamine 

48 

>360 

II 

If 

It 

II 

Dimethylamine 

96 

210 

II 

II 

11 

II 

Trlaethylamir.e 

24 

<560 

II 

II 

tt 

ft 

Trime thy lamine 

43 

<320 

II 

II 

It 

ft 

TrimethylamJ ne 

96 

226 

If 

II 

Using  creek  chub  (Semcniilus  atvomaaulatus ) Gillette  et  at.  (1952)  found 
■ methylamine  and  dimethylamine  were  totally  lethal  over  2-';  hours  exposure  of 
30  ppm  and  50  ppm,  respectively. 


The  HAAP  A-l  Building  still  sludge  is  the  main  documented  source  of 
entry  of  the  methylamines  into  the  environment.  As  discussed  in  Section  E 
of  this  report,  the  concentration  in  Arnott  Branch  could  be  as  high  as  350 
mg/1  for  methylamine,  220  mg/1  for  dimethylamine  and  18  mg/1  for  t.rimethyl- 
amine  assuming  1%  mixing.  These  levels  and  even  levels  at  1012  mixing  (see 
Tab.1-1  IV-G)  would  present  a significant  danger  to  aquatic  organisms  in  the 
Branch. 

In  addition  to  the  toxicity  from  the  methylamines  alone,  the  toxicity 
of  the  degradation  products  of  these  compounds  must  also  be  considered.  As 
discusoed  in  the  following  section,  the  methylamines  can  be  degraded  to  for- 
maldenyie  and  ammonia  or  under  some  circumstances  form  N-nicrosodinethy lamine. 
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3.  Degradation  of  the  hethylamines  by  Microorganisms 


a.  Biochemical  Fa?.hways  for  Microbial  Degradation  of  the 

Methylamines  to  Formaldehyae  and  Ammonia 

Anthony  (1975)  has  listed  a number  cf  microorganisms  known  to 
be  uiethylotrop'nic  or  have  the  ability  to  grow  on  organic  compounds  contain- 
ing no  carbon-carbon  bonds.  N-methyl  compounds  such  as  trimethylamine,  di- 
methylamine  and  methylamine  have  been  shown  to  be  degraded  by  bacteria 
including  species  of  Pseudomonas,  Aohromobaot&s,  Aoetobaotee  and  Myoobao- 
tevium  (Grabinska-Loniawske,  1974). 

'Hie  oxidation  of  tertiary,  secondary,  and  primary  amines  by 
microorganisms  is  catalysed  by  specific  enzymes  which  are  inducible.  Each 
methyl  group  of  an  M-methyl  compound  is  oxidized  to  one  molecule  of  formalde- 
hyde, which  is  then  further  oxidized  through  formic  acid  to  CO2  or  assimi- 
lated into  ceil  material  by  the  ribulose  monophosphate  cycle  or  the  serine 
pathway.  This  pathway  is  illustrated  by  Colby  and  Zatman  (1973)  in  Figure 
IV-7 . 

There  are  two  routes  known  for  the  oxidation  of  trimethylamine, 
the  products  in  both  cases  being  dlmethylamine  and  formaldehyde.  In  certain 
obligate  methylotrophs,  organisms  whose  growth  substratei:  are  restricted  to 
specific  carbon  compounds  containing  no  carbon-carbon  bonds,  dimethylamine 
and  formaldehyde  are  produced  by  an  anaerobic  oxidative  demethylation  catal- 
ysed by  trimethylamine  dehydrogenase.  The  reaction  is  ao  follows: 

(CH3)3N  + X + H20 > (CH3)2WH  + X H2  + HCHO 

(where  X ■ a natural  hydrogen  acceptor  as  yet  undetermined) 

In  the  facultative  methylotrophs,  organisms  whose  growth  sub- 
strates include  a variety  of  other  organic  compounds  lacking  carbon-carbun 
bonds,  two  enzymes  and  a reduced  coenzyrae  are  required.  The  first  enzyme 
is  a monooxygenase  and  the  product  is  trimethylamine-N-oxide. 

(CH3)3N  + 02  + NAD(P)H2  * (CH3)3HO  + H20  + NAD(P) 

Trimethylamine-n-oxide  demethylase  catalyses  the  formation  of  formaldehyde 
and  dimethylamine: 

(CH3)3NO  ► (CH3)2N'H  + HCHO 

Dimethylamine  is  oxidized  to  methylamine-  and  formaldehyde  by  an  inducible 
secondary  amine  oxidase  system: 

' (CH3)2NH  + 02+NAD(P)H2  * CH3XH2  + HCHO  + H20  + NAD(P) 

The  further  metabolism  of  methylamine  involves  oxidation  to  formaldehyde  by 
one  of  two  routes : 


1 

4 


The  enryme*  of  the  pathways  are:  (1),  trimethylamin#  mono-oxygenase;  (JO,  trimathylamina  N-oxide 
darriethylata;  (3),  trin*ethylamine  dehydrogonasa;  (4),  dimathylamina  mono-oxyganase;  !B),  primary 
amine  dehydrogenase;  (6),  formaldehyde  dehydrogenase;  (7),  formate  dehydrogenase 


Figure  IV-7.  Oxidation  of  Trimethyl  amine  by  Obligate  and 

Facultative  Methylotrophs.  (Colby  and  Zatman,  1973). 
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1)  Primary  amine  dehydrogenase,  a soluble  enzyme,  catalyses  the 
oxidation  of.  methylamine  to  formaldehyde  and  ammonia: 

CH-NK,, — > HCH0.+  NH,  *■  2H 
3 2 1}  3 

cell  material 


2)  The  N-methylglutaniate  system  for  methylamine  oxidation  con- 
sists of  two  inductible  enzymes  which  affect  the  oxidation  of  methylamine  to 
formaldehyde,  ammonia  and  water: 

COOH 

( j2^2 

-4(CH3)NH-CHC00H 


syntase 


dehydrogenase 


CH3NH2  —r 
methylamine 


N-methylglutamate 


NH3 

ammonia 


T° 


material 


2 H 

*4 

electron 

transport 

chain 


COOH 


NH2CHCOOH 


glutamate 

The  oxidation  of  N-methyl  compounds  to  formaldehyde,  including 
alternate  routes  for  methylamine  oxidation,  is  illustrated  in  Figure  IV-8 
from  Anthony  (1975).  The  oxidation  of  cne  molecule  of  crime. thvlamine  to  di- 
methylamine  and  formaldehyde  by  obligate  methylotrophs  yields  one  molecule 
of  reduced  cofactor  while  the  corresponding  oxidation  by  faculatative  methyl- 
otrophs requires  one  molecule  of  reduced  cofactor  indicating  that  obligate 
methylotrophs  use  a more  efficient  pathway  to  harness  metabolic  energy 
(Colby  and  Zatman,  1973). 


All  of  the  microbial  degradation  pathways  produce  formaldehyde. 
The  formaldehyde  can  then  be  oxidized  to  C02  or  assimilated  into  cell  mate- 
rial by  means  of  the  ribulose  monophosphate  cycle  or  the  serine  pathway. 

These  pathways  a re  described  in  Kitchens  at  at.  (1976). 


b.  Formation  of  N-nitrosodimethylamine  by  Microorganisms 

As  discussed  in  Section  D,  nitrosaction  of  dimethylamine  can 
occur  in  acid  solutions  with  a pH  <5.  Under  neutral  conditions,  N-nitroso- 
dimethyl amine  formation  in  the  environment  is  due  to  metabolism  by  micro- 
organisms. Coloe  and  Hayward  (1976)  studied  the  formation  of  N-nitrosodi- 
methylemine  from  dimethylamine  and  nitrite  by  various  bacteria.  The  results 
of  their  study  are  presented  in  Table  IV-12.  The  bacteria  were  incubated  for 
70  hours  in  a medium  of  0.09  M dimethylamine  and  0.1  M potassium  nitrate. 

They  found  812  of  the  strains  were  able  to  reduce  nitrate,  and  produce  N- 
nicrosodimethylamine. 
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COOH 


<CH3)4+N 


tarn 


^1 

f 


02/NAD(P)H2  i^HCHO 
(CH3)3N 
tmn 

02/NAD(P)H2  | 

(CH3)3NO 


tmo 


' t 


HCHO 


(CH2)2 


ch3nhchcooh 

mathglut 

A 


nh3<«-J 


"p 


► HCHO 
2H 


COOH 

i 

(CH2)2 

NHzCHCOOH 

glut 

NH3 


02/NAD(P)H2 

<CH3)3N  (CH3)2NH Z 1+.  CH3NH2  ,,  » HCHO 


tmn 


'2H'  HCHO 


dmn 


HCHO 


mn 


i 


'2H' 


Abbreviations: 

tem,  tatramethylammonium  compounds 

tmn,  trimathylamina 
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dm,  dimathylamina 

• Altarnativa  routas  for  mathylamine  oxidation. 


mn,  mathylamine 

glut,  glutamate 

methglut,  N-methylglutamata 


Figure  IV-8.  The  Oxidation  of  N-methyl  Compounds*  to  Formaldehyde 
(Anthony,  1975). 
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Table  IV- 12 . N-nitrosodiaethylaalne  Production  by  Various 
Bacteria*  (Coloe  and  Hayward,  1976). 


70-h  culLures  in  defined  medium  supplemented  with  0*05  M dimethylamine  and  0*1  M potassium  nitrate 


Ayanaba  et  at.  (1973)  showed  that  N-nitrosodimathylamine  was 
generated  In  samples  of  soil,  lake  water  and  sewage.  In  sewage,  N-nitroso- 
dimethylaoine  is  produced  when  high  dime thy lamine  and  nitrite-N  are  present 
(Ayanaba  and  Alexander,  1974).  The  rates  of  N-nitrosodimethy lamine  formation 
as  a function  of  dimethylamine  and  nitrite-N  are  shown  in  Figure  IV-9.  They 
also  found  N-nitrosodimethy lamine  formation  in  lake  water  as  shown  in  Figure 
IV-10.  The  rate  of  formation  increases  as  the  pH  decreases. 

Mills  and  Alexander  (1976)  found  N-nitrosodimethy  lamine  present 
at  levels  greater  than  1 ppm  in  48  hours  when  sediment  was  initially  exposed 
to  levels  of  250  ppm  dimethylamine  and  100  ppm  nitrite.  As  shown  in  Figure 
IV-11,  they  observed  similar  levels  of  N-nitrosodimethylamine  in  sterile  and 
non-sterile  sediments.  Therefore,  bacteria  were  not  necessary  for  the  reac- 
tion to  occur  at  a low  pH.  These  studies  indicate  that  the  occurrence  of 
nitrosaoinea  Is  increased  at  a low  pH  in  the  presence  of  secondary  amines 
and  nitrate.  High  amounts  or  organic  matter  also  saem  to  increase  the  levels 
of  N-nitrosodimethylamine. 

Data  show  that  microorganisms  in  sewage,  or  soil  may  contrib- 
ute to  the  formation  of  a nitrosaraina  (e. g.t  N-nitrosodimethylamine)  in  1 of  3 
ways: 

1)  by  converting  3°  tertiary  amines  or  other  nitrogenous 
. compounds  to  2°  secondary  amines; 

2)  by  forcing  nitrite  through  the  reduction  of  nitrate 
or  the  oxidation  of  ammonium,  the  latter  leading  to 
appreciable  nitrite  accumulation  in  alkaline  environments;  . 

3)  by  causing  an  enzymatic  'reaction  between  nitrite  and 
the  2°  secondary  amine. 

Tate  and  Alexander  (1976)  reported  that  r.itrosamines,  once  formed,  are 
quite  stable  and  may  persist  long  enough  to  reach  drinking  or  recreational 
waters.  They  can  also  be  retained  on  the  surfaces  of  root  crops  or  be  assim- 
ilated by  higher  plants. 

4.  Phototoxicity 

Only  limited  studies  were  uncovered  on  the  toxicity  of  the  methyl- 
amines  to  plants.  Scheffer  et  at.  (1968)  demonstrated  that  methylamines  can 
act  as  a Cj_  precursor  in  sunflowers  (Heliu  ithus  annuu.8  L.).  Tea  plants  ( Thea 
ainenaia  L. ) also  possess  the  ability  to  metabolize  micromolar  amounts  of 
raethy lamine.  Formaldehyde  can  be  produced  from  mcthy lamine  by  the  action  of 
amine  oxidase,  which  occurs  widely  in  microorganisms,  animals  and  higher 
plants  (Hill  and  Mann,  1968;  Kapeller-Adler , 1971),  Abpliovich  and  Azor 
(1976)  reported  that  methylamine  uncoupled  chloroplusts  and  reduced  photosyn- 
thesis in  algae.  Significant  penetration  started  at  pH  8.0  and  increased 
with  elevation  of  the  pH. 

It  is  apparent  from  available  literature- that  low  concentrations  of 
methylamine  released  to  the  environment  would  not  be  harmful  to  higher  plants. 
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- 50  ppm  dimethylamine-nitrogen  and  100  ppm  nitrite  nitrogen 

- 500  ppm  dimethylamine-nitrogen  and  10  ppm  nitrite  nitrogen 

- 500  ppm  dimethylamine-nitrogen  and  100  ppm  nitrite  nitrogen 


Figure  tV-9. 


N-nitrosodimethylamine  Formation  in  Sewage 
(Ayanaba  and  Alexander,  1974). 
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A - 50  ppm  dimechylamine-nitrogen  arid  100  ppm  nitrite  nitrogen 
B - 500  ppm  climethylamine-nitrogen  and  10  ppm  nitrite  nitrogen 
C - 500  ppm  diemthylamine-nitrogen  and  100  ppm  nitrite  nitrogen 


Figure  IV-10. 


Formation  of  N-nitrosodime thy lamina  in 
Samples  of  Lake  Water  of  Differing  Acidities. 
(Ayanaba  and  Alexander,  1974) 
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Figure  IV-11.  Formation  of  N-nitrosodimsthylamine 

in  Sterile  and  Nonsterile  Langford  Soil. 
(Mills  and  Alexander,  1976) 
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5.  Availability  of  Literature  for  Phase  II 


The  toxicological  and  environmental  properties  of  the  methylamines 
have  been  thoroughly  investigated.  Therefore,  there  is  sufficient  literature 
available  for  Phase  II  detailed  toxicological  and  environmental  study. 

I.  Regulations  and  Standards 

1.  Air  and  Water  Standards 

EPA  has  set  effluent  guidelines  for  the  quantity  and  quality  of  pol- 
lutants which  may  be  discharged  from  the  manufacture  of  the  methylamines. 

These  effluent  limitations  are  listed  in  Table  IV-13. 


Table  IV-13.,  Quantity  and  Quality  of  Effluents  Which  May  Be 
; ' Discharged  from  the  Manufacture  of  the  Methylamines 

(Federal  Register,  1974a). 

| 

Effluent  Limitations 

Maximum  Avg.  of  Daily  Values  for 

for  Any  30  Consecutive  Days  Shall 

Effluent.  Characteristic  One  Day  Not  Exceed  - 

Pounds  per  1000  lb  of  Product 

B0D5  0.13  0,058 

TSS  0.20  0.088 

pH  Within  the  range  6.0  to  9.0 


1 


The  methylamines  are  listed  in  EPA  "Toxic  Substances  Control  Act 
Candidate  List  of  Chemical  Substances"  (1976).  However,  no  new  studies  on 
these  compounds  are  planned  by  EPA  at  this  time. 

2.  Occupational  Exposure  Limits 

The  Occupational  Safety  and  Health  Administration  has  adopted  the 
following  threshold  limits  for  exposure  to  the  methylamines. 

- methylamine  - 10  ppm  in  air  (Federal  Register,  1974b) 

- dimethylamine  - 10  ppm  in  air  (Federal  Register,  1974b) 

- trimethylamine  - 25  ppm  in  air  (American  Conference  of 

Governmental  Industrial  Hygienists,  1977) 

The  Soviet  workplace  limit  for  trimethylamine  is  2.5  ppm  (American  Conference 
of  Governmental  Industrial  Hygienists,  1977). 

The  methylamines  are  not  listed  in  NIOSH  "Suspected  Carcinogens" 
subfile  (1975). 
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3.  Department  o£  Transportation 

The  Department  of  Transportation  requires  the  following  labels  for 
shipment  of  the  methylamines  (Federal  Register,  1976). 

- methylamine;  flammable  gas 

- dimethylamine:  flammable  liquid 

- trimethylamine : flammable  gas 

J.  Conclusions  and  Recommendations 


From  the  data  gathered  and  evaluated  in  this  preliminary  problem  defini- 
tion study,  several  conclusions  can  be  drawn. 

1.  The  methylamines  are  not  military  unique  chemicals. 

2.  These  compounds  are  not  highly  toxic  in  acute  doses  to  mammals  and 
most  aquatic  organisms. 

3.  The  methylamines  are  naturally  occurring  chemicals  and  are  widely 
spread  throughout  the  ecosystem. 

4.  Many  organisms  possess  metabolic  pathways  for  converting  the  methyl- 
amines into  CCh  and  NH3  or  cellular  material. 

5.  The  highly  potent  carcinogen,  N-ultrosodimethylaraine,  c.an  be  formed 
in  the  environment  from  trimethylamine  or  dimethylamine  in  the  pre- 
sence of  nitrate  or  nitrite.  These  reactions  require  either  a low 
pH  or  microbial  activity. 

6.  The  quantity  of  methylamines  discharged  at  Holston  is  minor  when 
compared  to  the  overall  Civilian  and  natural  pollution  from  methyl- 
amines. However,  when  the  A-l  still  is  operating,  methylamine  pol- 
lution in  the  local  aquatic  system  is  dangerously  high. 

7.  Due  to  the  high  concurrent  nitrate  release  at  Holston  AAP,  N-nitroso- 
dimethylamine  could  form  in  portions  of  the  Arnott  Branch  and  the 
Holston  River.  The  extant  of  the  nitrosaraine  formation  in  the  Hol- 
ston area  ecosystem  is  unknown. 

Although  the  quantity  of  methylamine  discharged  by  Holston  A\P  is  minor 
when  compared  to  the  overall  Civilian  pollution,  the  methylamines  present  a 
major  problem  to  the  local  ecosystem.  This  problem  is  due  to  the  highly  con- 
centrated sporadic  discharge  of  these  compounds  and  the  potential  for  nitros- 
amine  formation.  Thus  it  is  recommended  that  a detailed  literature  evaluation 
of  the  environmental  face  of  the  methylamines  be  undertaken  in  Phase  II.  This 
literature  evaluation  should  be  supplemented  with  sampling  and  analysis  data 
from  Holston.  Specific  measurements  of  the  methylamine,  N-nitrosodimethyl- 
amine,  nitrate  and  nitrite  concentrations  should  be  made  at  the  outfall  on 
Arnott  Branch,  at  one  point  along  the  Branch  and  in  the  Holston  River. 
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Measurements  should  also  be  made  in  order  to  determine  if  methylamine  or 
methylamine  derivatives  are  in  the  effluents  from  the  E-Buildings. 

From  the  data  obtained  in  this  study,  Phase  II  detailed  evaluation  of 
the  toxicological  properties  of  the  methylamines  should  be  a low  priority. 

The  toxicity  of  these  chemicals  has  been  widely  studied.  Since  the  Army  Is 
not  a user  or  intentional  producer  of  these  compounds,  it  is  recommended  that 
further  toxicity  studies  on  the  methylamines  should  be  carried  out  by  the 
Civilian  community. 
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SUMMARY 


TAX  (hexahydro-1, 3-dinitro-5-acetyl~s-triazine)  is  a by-product  of  the 
RDX  manufacture  at  Holston  Army  Ammunition  Plant.  It  is  formed  during  the 
nitrolyais  of  hexamine.  During  this  process,  a portion  of  the  hexamine  is 
also  acetylated  by  the  acetic  acid /acetic  anhydride  solvent.  TAX  is  present 
in  the  effluent  stream  from  the  RDX  dewatering  and  incorporation  process.  ■ 

The  concentration  of  TAX  in  these  effluents  is  60  to  90%  of  the  RDX  concen- 
tration and  1.6  to  1.8  times  the  HMX  concentration.  Thus,  at  full  mobiliza- 
tion, the  quantity  of  TAX  in  Holston' s effluent  would  be  significant.  Since 
TAX  is  not  produced  or  used  by  the  civilian  community,  it  is  a military  unique 
compound . 

The  information  ou  the  physical,  chemical  and  toxicological  properties 
of  TAX  is  very  limited.  Many  of  its  properties  can  only  be  inferred  by  com- 
parison to  those  of  RDX  and  HMX.  TAX  appears  to  be  more  water  soluble  than 
RDX  or  HMX  althcugh  no  specific  numbers  are  available.  Thus,  TAX  would  be 
more  available  to  aquatic  life  than  RDX  or  HMX  and  may  exhibit  a highly  toxic 
effect  ou  the  organisms  in  the  Holston  River. 

Due  to  the  military  uniqueness  of  this  compound,  it  is  recommended  that 
the  following  studies  be  initiated  by  the  Army. 

- Phase  II  detailed  evaluation  of  the  toxicological  and 
environmental  hazards  of  TAX 

- solubility  studies  in  water 

- further  sampling  and  analysis  of  TAX  at  Holston  AAP 

- the  effect  on  the  proposed  biotreatment  facility  be  evaluated 

- the  biotransformation  products  of  TAX  in  this  facility  be 
determined 

- in  vitro  mutagenic  studies 

- acute  aquatic  toxicity  studies 

- acute  and  chronic  mammalian  toxicity  studies 
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This  report  details  the  results  of  a preliminary  problem  definition 
study  on  TAX.  The  purpose  of  this  study  was  to  determine  the  Army's  re- 
j sponsibility  for  conducting  further  research  on  TAX  in  order  to  determine 
its  toxicological  and  environmental  hazards  so  that  effluent  standards  can 
be  recommended.  In  order  to  determine  the  Army's  responsibility  for  further 
work  on  TAX, the  military  and  civilian  usage  and  pollution  of  this  chemical 
were  evaluated.  In  addition,  a preliminary  overview  of  toxicological  and 
environmental  hazards  was  conducted. 

TAX  was  only  one  of  48  chemicals  evaluated  under  Phase  XA  of  contract 
No.  DAMD17-77-C-7057.  These  chemicals  are  grouped  in  four  categories 

- explosives  related  chemicals 

- propellant  related  chemicals 

- pyrotechnics 

- primers  and  tracers 


Each  category  is  a major  report.  Section  I of  each  report  is  an  overview  of 
the  military  processes  which  use  each  chemical  and  the  pollution  resulting 
from  the  use  of  these  chemicals.  The  problem  definition  study  reports  on 
each  chemical  are  separable  sections  of  these  four  reports. 


In  addition  a general  methodology  report  was  also  prepared.  This  report 
describes  the  search  strategy  and  evaluation  methodology  utilized  for  this 
study. 
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V.  TAX  - HEXAHYDRO-1 , 3-DINITRO-5-ACETYL-S-TR1AZINE 


A,  Alternate  Names 


TAX  is  a by-product  in  the  manufacture  of  RDX.  This  compound  is  a sub- 
stituted symmetrical  triaziue  having  a molecular  formula  of  : ^9X505  and  the 
following  structural  formula! 


,N-N^ 


k 


0 

-C-CH, 


NO, 


CH, 


The  molecular  weight  of  TAX  is  219.15  g/mola.  Pertinent  alternate  names 
for  TAX  are  listed  below: 

CAS  Registry  No.:  14168-42-4 

CA  Name  (9CI):  1,3 ,5-triazine,l-acetylhexahydro-3-5-dinitro 

Wiswesser  Line  Notation: 

Synonyms : TAX 

B • Physical  Properties 

Available  physical  properties  of  TAX  are  listed  in  Table  V-l.  The 
ultraviolet  absorption  spectrum  of  TAX  is  shown  in  Figure  V-l. 


Table  V-l.  Physical  Properties  of  TAX,  * 


Physical 

Color; 

M.P.: 

form  9 20 3 C : 

solid,  prismatic  plates 
colorless 

156  - 158°C 

IR  (KBr): 

306C,  1660,  1580,  1420,  1370,  12S0,  1240,  1180 
990,  920,  880,  850,  810,  750,  630,  S85,  490  cm' 

NMR : 

5 6.25 

(singlet, 

2H,  (02NN)2-CH,) 

5 5.80 

(singlet , 

4H,  (0,NN)-CH,-NC0-) 

a 2.27 

(singlet , 

3H,  -CH3)  ' 

* References:  Dunning  and  Dunning,  1950; 

Aristoff  it  al  • > 1949. 


Chapman  st  al . , 1949; 


C.  Chemical  Properties 
1.  Synthesis 

TAX  has  been  synthesized  by  a number  of  investigators.  Chapman 
9t  at.  (1949)  used  methylene  dinitroamine  as  their  starting  material. 
Following  treatment  with  dry  formaldehyde  at  0°C,  an  ether  solution  of 
anhydrous  ammonia  was  added  to  the  methylene  dinitroamine,  The  solid 
product  was  refluxed  for  30  minutes  with  acetylchloride . The  resulting 
material  was  filtered,  dried,  and  recrystallized  from  methanol  to  yield 
pure  TAX. 


Dunning  and  Dunning  (1950)  treated  l-methoxymethyl-3 , 5-dinitro- 
hexahydro-1, 3, 5-triazine  with  acetic  anhydride  to  form  TAX. 

A A r 

W >|-C»2OCH3  + CHj4.0.iCH3  ^ 

B2\v;/CH2  H‘S::/CH2 


0 

-Ji-CH. 


S 

HO, 


The  crude  product  was  washed  with  ether,  dried  in  vacuo  and  recrystallized 
from  ethyl  acetate. 
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Gilbert  et  al , (1975).  prepared  TAX  in  93%  yield  from 
1,3, 5- triacylhexahydro-1 , 3 , 5-t riazine . 


B > 

HjC-C  -K 


' T 1 

Hi  r 


0 

-15-ch. 


H. 


HNQ3^ 

(f3cco)2q 


02n-n^  ^ 

H2  -x  s^-CH2 


C-CH. 


„ £-° 


N0„ 


Nitric  acid  was  added  dropwise  to  a mixture  of  1 , 3 , 5-triacylhexahydro-l , 3 , 5 
triazine  and  triflouroacetic  anhydride.  The  temperature  was  maintained 
below  40°C  with  a coolina  bath.  The  reaction  was  allowed  to  run  one  hour. 
TAX  was  filtered,  dried,  and  recrystallized  from  isopropanol, 


2. 


1949).. 


General  Reactions 

Treatment  of  TAX  with  nitric  acid  yields  RDX  (Aristoff  et  al, 


Si 


o2n 


-n 

H„C.  r 


J-CH, 


k 


HN03, 


2 V „„ 


„ CH, 


O^-N^  fj-N02 


NO- 


NO- 


The  reaction  of  secondary  nitramines  with  alkoxide  anion  has  been 
investigated  (Stals,  1969).  The  base  abstracts  a methylene  proton  to 
form  the  carbanion  which  undergoes  intramolecular  displacement  of  MC>2 


Analogous  reaction  of  TAX  with  base  would  give  the  following  products. 


TAX  is  decomposed  by  boiling  in  concentrated  sulfuric  acid 
(Aristoff  et  at..  1949). 


3. 


Environmental  Reactions 


The  photolysis  of  dimethylnitramlne  has  been  reported 
(Suryanarayanan  and  Bulusu,  1970).  Irradiation  in  either  ethanol,  n-hexane, 
or  acetonitrile  yields  dimathylnitrosamine.  An  analogous  photodecomposition 
of  TAX  would  lead  to  two  products. 


4.  Sampling  and  Analysis 

Quantitative  analysis  of  TAX  is  best  performed  by  instrumental 
methods.  Monitoring  for  TAX  in  the  wastewater  at  Holston  AAP  is  accomplished 
using  high  pressure  liquid  chromatography  (Holston  Defense  Corporation,  1978). 
Samples  are  obtained  by  extraction  with  a methylene  chloride:  acetonitrile 
(88:12)  mixture.  Detection  of  pg  per  liter  amounts  is  possible. 


D.  Uses  of  TAX  in  Munitions  Production 


1.  Uses 


TAX  is  not  used  or  purposely  produced  by  the  military.  It  is 
an  unwanted  by-product  in  the  manufacture  of  RDX  at  Holston  Army  Ammunition 
Plant  (HAAP) . TAX  is  formed  during  the  nitration  of  hexamine  in  the 
presence  of  nitric  acid/ammonium  nitrate  and  acetic  acid/acetic  anhydride 
to  produce  RDX.  During  this  process,  some  of  the  hexamine  is  acetylated 
by  the  acetic  acid/acetic  anhydride  solvent. 


hno3/nh4no 

HAc/AcOAc 


V 


A 


0 

fl  -C-CH, 


H,C 


n^CH2 

H0„ 


Some  TAX  probably  ends  up  in  the  final  RDX  product.  This  TAX  could  also  be 
a pollutant  at  RDX  loading  (LAP)  plants.  However,  the  amount  of  TAX  in  the 
product  is  unknown. 
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2.  Occurrences  of  TAX  in  the  Aqueous  Effluents  from  HAAP 

In  1977,  Holston  Defense  Corporation  began  sampling  several 
effluent  streams  for  TAX.  The  data  they  obtained  depended  to  a large 
extent  on  the  manner  in  which  the  samples  were  stored.  For  comparison 
purposes,  only  the  analytical  results  from  the  samples  stored  in  acetonitrile 
are  presented  in  Table  V-2.  Samples  were  obtained  from  four  locations: 

- N-3  - manhole  below  Building  N-3  which  carries  effluents 
from  the  G,  H,  I,  J,  K,  M and  N Buildings  on  lines 

1 through  5. 

- N-6  - manhole  below  Building  N-6  which  carries  process 

effluents  from  Buildings  D6,  E6,  and  G6. 

- T-2  - manhole  below  T-2  (acid  area)  which  carries  process 

effluents  from  buildings  C3,  Ch,  B9,  Bll,  03,  D5 , E3  and  E4. 

- Holston  River  at  the  area  B Boundary. 

From  the  data  in  the  table,  it  appears  that  TAX  is  entering  the 
environment  from  the  nitration  buildings  (D-Buildings) , the  Acids  Removal 
and  Explosives  Wash  (E-Buildings),  Recrystallization  (G-Buildings) , 

Dewatering  (H-Buildings)  and  the  Incorporation  Buildings  (I,  J,  K,  L,  M) . 
However,  the  major  amount  of  TAX  entering  the  environment  is  from  the 
dewatering  and  incorporation  steps. 


Average  concentrations  of  RDX, 
points  are  given  below. 

TAX  and  HMX  at 

the  four  sample 

Sample  Point 

RDX (mg/ 1) 

TAX  (ms?/ 1) 

HMX(m«/l) 

N-3 

5.5 

4.8 

2.6 

N-6 

4.5 

2.6 

1.6 

T-2 

0.3 

0.02 

0.12 

River 

0.01 

0.004 

0.01 

In  the  effluent  from  the'- dewatering  and  incorporation  seeps,  TAX  is  present 
at  levels  of  between  60  and  90%  of  the  RDX  content.  At  full  mobilization 
^ 208  million  pounds  of  RDX  would  be  produced  each  year.  If  1%  of  this 
amount  is  lost  in  the  effluents,  Chen  HAAP  could  discharge  as  much  as 
2.1  million  pounds  of  RDX  per  year.  Discharges  of  TAX  could  be  1.3  to 
1.9  million  pounds  per  year  if  the  60  - 90%  ratio  of  TAX/RDX  is  valid. 

E.  Uses  in  the  Civilian  Community 

There  are  no  uses  or  production  of  TAX  in  the  civilian  community. 

F.  Comparison  of  Civilian  and  Military  Uses  and  Pollution  of  TAX 

TAX  is  a by-product  of  RDX  production  at  HAAP.  There  are  no  civilian 
uses  or  production  of  this  chemical.  Thus,  TAX  is  a. unique  military  by- 
product which  enters  the  environment  in  the  effluents  from  HAAP, 
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5/17-18/77 

N-3 

10.0 

8.7 

2.2 

N-6 

6.3 

6.3 

1.3 

T-2 

0.2 

- 

0.04 

River 

0.01 

0.003 

- 

5/24-25/77 

N-3 

7.2 

16.9 

2.4 

N-6 

2.2 

2.2 

1.3 

T-2 

0.4 

- 

0,6 

River 

0.007 

0.003 

0.03 

5/31/77-6/1/77 

N-3 

2.4 

4.5 

N-6 

7.0 

3.1 

2.]. 

T-2 

0.4 

- 

0.07 

River 

0.006 

~ 

0.006 

6/6-7/77 

N-3 

4.3 

— 

1.5 

' N-6 

5.6 

5.6 

1.7 

T-2 

0.4 

0.007 

0.1 

River 

0.009 

0.003 

0.006 

6/8-9/77 

N-3 

2.1 

2.2 

0.3 

N-6 

1.0 

1.0 

0.4 

T-2 

0.1 

0.005 

0.03 

River 

0.0005 

0.01 

0.0009 

6/13-14/77 

N-3 

10.4 

5.3 

2.9 

N-6 

3.9 

0.007 

2.4 

T-2 

0.2 

0.04 

- 

River 

0.02 

0.001 

0.01 

6/17-19/77 

N-3 

1.8 

0.007 

4.7 

N-6 

5.3 

3.4 

2.3 

T-2 

0.3 

0.1 

- 

River 

0.02 

0.005 

0,03 

i 


r 


S1 


t 


G.  Toxicological  and  Environmental  Hazards 

1.  Mammalian  Toxicicy 

No  mammalian  toxicity  studies  on  TAX  are  reported  in  the 
literature.  However,  studies  on  RDX  have  been  reported  (Von  Oettingan 
et  al , 1949).  These  studies  show  a low  acute  toxicity  of  RDX.  Chronic 
exposure,  by  respiratory,  gastrointestinal,  or  skin  absorption  Lcsults 
in  nausea,  vomiting,  convulsions  and  unconsciousness  in  human  workers. 

A 1.5  TLV  has  been  recommended  for  RDX  (American  Conference  of 

Governmental  Industrial  Hygienists,  1977).  A similar  TLV  for  TAX  would 
probably  provide  adequate  worker  protection. 

2.  Aquatic  Toxicity 

While  no  acute  toxicity  data  exist.1-'  for  TAX,  Liu  and  Bai.ley  (1977) 
studied  the  toxicity  of  RDX.  They  found  a 96  hour  LC50  to  minnows  of 
5.3  ppm  and  a 48  hour  EC50  to  Daphnia  >41  ppm.  It  is  likely  that  the 
acute  toxicity  of  TAX  to  aquatic  organisms  is  in  a similar  range.  Liu  and 
Bailey  also  found  that  RDX  is  not  bioconcentrated  to  any  great  extent 
(2-3  times)  by  aquatic  organisms.  So  it  is  probable  that  TAX  also  has  a 
low  bioconcentration  factor.  However,  at  full  mobilization  production  the 
RDX/TAX  concentrations  in  the  Holston  River  are  expected  to  be  high  enough 
to  cause  stress  to  the  aquatic  organisms. 

Green  and  Eiklor  (1977)  found  chat  592  of  the  RDX  added  to  a 
trickling  filter  is  degraded.  However,  the  products  of  the  degradation 
were  not  identified.  It  is  possible  that  highly  toxic  N-nitroso  compounds 
are  formed  in  this  degradation.  It  is  probable  that  TAX  can  be  degraded 
by  microorganisms  and  .thus  not  accumulate  in  the  aquatic  system. 

, 3.  Availability  of  Literature  for  Phase  II 

There  appears  to  be  relatively  little  readily-  available  literature 
on  toxicity  and  environmental  fate  of  TAX.  However,  contacts  with  foreign 
RDX  manufacturers,  evaluation  of  foreign  literature  and  comparison  with 
other  nitramines  might  prove  useful. 

H.  Regulations  and  Standards 

There  are  no  existing  United  States  regulations  or  standards  on  TAX. 

I . Conclusions  and  Recommendations 

An  evaluation  of  the  readily  available  literature  on  TAX  has  shown 
it  to  be  a military  unique  compound.  Because  of  its  presence  in  large 
quantities  in  the  HAAP  effluents,  further  study  of  this  compound  by  the 
Array  should  be  undertaken.  The  following  studies  are  recommended. 

1.  Phase  II  detailed  evaluation  of  the  toxicological  and 
environmental  hazards  of  this  compound  should  be  undertaken.  This  study 


! 
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should  evaluate  the  older  and  the  foreign  literature  on  TAX  and  similar 
nitramines,  Contacts  with  foreign  manufacturers  and  researchers  should 
also  be  made. 

2.  Solubility  studies  in  aqueous  media  should  be  conducted  if 
these  values  are  not  found  in  the  older  literature. 

3.  Further  sampling  and  analysis  of  Holston  effluents  should  be 
undertaken  to  verify  existing  data. 

4.  The  effect  of  TAX  on  the  proposed  biotreatment  facility  as 
well  as  its  bio  transformation  products  should  be  determined. 

5.  Acute  aquatic  toxicity  studies  with  this  compound  should 
be  initiated  on  at  least  two  species  present  in  the  Holston  River. 

6.  In  vitro  mutagenic  tests  should  be  conducted  on.  TAX. 

7.  Acute  and  chronic  mammalian  toxicity  studies  should  also 
be  conducted  by  both  skin  and  oral  routes  of  administration. 
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SUMMARY 


SEX  (octahydro-l-acetyl-3,5,7-trinifcrj-3-tatrazine)  is  a by-product  of 
tha  RDX/HMX  manufactur*  at  Holaton  Army  Ammunition  Plant.  It  is  formed 
during  the  nltrolysla  of  haxamine.  During  this  process , a portion  of  the 
hexamlnc  is  also  acetylated  by  the  acetic  acid/acetic  anhydride  solvent. 

In  the  effluent  streams  from  the  RDX/HMX  dawataring  and  incorporation 
steps,  SEX  is  present  in  approximately  the  same  concentrations  aa  HMX.  - thus 
at  full  mobilization  tha  quantity  of  SEX  in  Holston's  effluent  would  be 
significant.  Since  SEX  is  not  manufactured  or  used  by  the  civilian 
community,  it  is  a military  unique  compound. 

The  information  on  the  physical,  chemical  and  toxicological  properties 
of  SEX  is  vary  limited.  Many  of  its  properties  can  only  be  inferred  by 
comparison  to  those  of  RDX  and  HMX.  SEX  appears  to  be  more  water  soluble 
than  RDX  or  HMX  although  no  specific  numbers  are  available.  Thus  SEX 
would  be  more  available  to  aquatic  life  than  RDX  or  HMX  and  may  exhibit 
a highly  toxic  affect  on  tha  organisms  in  the  Holston  River. 

Due  to  the  military  uniqueness  of  this  compound,  it  is  recommended 
that  tha  following  studies  be  initiated  by  the  Army. 

- Phase  II  detailed  evaluation  of  the  toxicological  and 
environmental  hazards  of  SEX 

- solubility  studies  in  water 

- further  sampling  and  analysis  of  SEX  at  Holston  AAP 

- the  effect  on  the  proposed  bio  treatment  facility  be  evaluated 

- the  bio  transformation  products  of  SEX  in  this  facility  be 
determined 

- in  vitro  mutagenic  acudies  . 

- acute  aquatic  toxicity  studies! 

- acute  and  chronic  mammalian  toxicity  studies 


i j 

jl 

FOREWORD 


This  report.  details  the  results  of  a preliminary  problem  definition 
study  on  SEX.  The  purpose  of  thi.3  study  was  to  determine  the  Army's  re- 
sponsibility for  conducting  further  research  on  SEX  in  order  to  determine 
its  toxicological  and  environmental  hazards  so  that  effluent  standards  can 
be  recommended.  In  order  to  determine  the  Army's  responsibility  for  further 
work  on  SEX, the  military  and  civilian  usage  and  pollution  of  this  chemical 
were  evalueted.  In  addition,  a preliminary  overview  of  toxicological  and 
environmental  hazards  was  conducted. 

SEX  ves  only  one  of  48  chemicals  evaluated  under  Phase  IA  of  contract 
No.  DAMD17-77-C-7057.  Thesa  chemicals  are  grouped  in  four  categories 

- explosives  related  chemicals 

- propellant  related  chemicals 

- pyrotechnics 

- primers  and  tracers 

Each  category  is  a major  report.  Section  I of  each  report  is  an  overview  of 
the  military  processes  which  use  each  chemical  and  the  pollution  resulting 
from  the  use  of  chaaa  chemicals.  The  problem  definition  study  reports  on 
each  chemical  are  separable  sections  of  these  four  reports. 

In  addition  a general  methodology  report  was  also  prepared.  This  report 
describes  the  search  strategy  and  evaluation  methodology  utilized  for  this 
study. 
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VI.  SEX  - OCTAHYDRO-l-ACETYL-3,5,7-TRINITRO-3-TEXRAMINE 


A.  Alternate  Names 

SEX  is  a by-product  of  the  RDX/HMX  manufacturing  process  at  Holston 
Army  Ammunition  Plant  (HAAP).  This  compound  has  a molecular  formula  of 
C6H11N7Q7  corresponding  to  the  molecular  structure  shown  below: 


0 

S-CH3 
M-C^ 


L 3 


The  molecular  weight  of  SEX  is  293.2  g/mole.  Pertinent  alternate  names 
for  SEX  are  listed  below. 


CAS  Ragls  try  No . : unknown 

CA  Name  (9CI) : l,3,5,7-tetrazocine,l-acetyloctahydro-3,5,7-trinitro 
Wiswesser  Line  Notation: 

Synonyms:  SEX 


B.  Physical  Properties 

Available  physical  properties  of  SEX  are  listed  in  Table  VI-1.  The 
UV  absorption  spectrum  of  SEX  is  shown  in  Figure  VI-1. 


Table  VI-1.  Physical  Properties  of  SEX.  * 


Physical  form  @ 20°C : solid 

M.P. : 224.2  - 224. 7°C 

Solubility:  slightly  soluble  in  pyridine,  acetone, 

and  nitromechane. 

almost  insoluble  in  ethanol,  acetic 
acid,  and  ethyl  ether. 

t' 


* Reference  (Aristoff  et  al . , 1949) 


c 


Wavelength,  run 

Figure  VI-1.  Ultraviolet  Spectrum  of  SEX  (Schroeder  at  al.  , 1951) 

C.  Chemical  Properties 
1.  Synthesis 


A solution  of  haxamine  in  acetic  acid  was  added  simultaneously 
with  a solution  of  ammonium  nitrate  in  nitric  acid  to  acetic  anhydride. 
Following  formation  of  RDX,  the  solution  was  diluted  with  water  and  filtered. 
The  filtrate  was  neutralized  and  stored  at  2°C.  After  five  days  at  2°C, 
crude  SEX  had  settled  out  of  solution.  The  solid  was  transferred  to  acetone 
and  boiled.  An  insoluble  residue  wan  obtained.  The  products  were 
recrystallized  repeatedly  from  acetone  and  nltromethana  to  obtain  pure 
SEX  (Aristoff  at  al., 1949) 


2.  General  Reactions 


Treatment  of  SEX  with  981  nitric  acid  at  5°C  yields  HMX  (Aristoff 
at  al . , 1949) . 
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The  reaction  of  secondary  nitr amines  with  alkoxide  anion  has  been 
investigated  (Stals,  1969).  The  base  abstracts  a methylene  proton  to 
form  the  carbanion  which  undergoes  intramolecular  displacement  of  NO2". 
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3.  Environmental  Reactions 

The  photolyais  of  dimethyinitramine  has  been  reported 
(Suryanarayanan  and  Bulusu,  1970),  Irradiation  in  either  ethanol,  n-hexane, 
or  acetonitrile  yields  dimethylnltrosamine.  An  analogous  photodecomposition 
of  SEX  would  lead  to  two  initial  products. 


Product  1 Product  2 
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Prolonged  photolysis  could  lead  to  two  dinitrosamins  products. 
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4.  Sampling  and  Analysis 

Quantltatlva  analysis  of  SEX  is  bast  pcrformad  by  instrumental 
methods.  Monitoring  for  SIX  in  Che  wastewater  at  Holaton  AAP  is  accomplished 
using  high  pressure  liquid  chromotogr&phy  (Holston  Defense  Corporation, 

1978).  Samples  are  obtained  by  extraction  with  a methylene  chloride: acetoni- 
trile (88:12)  mixture.  Detection  on  the  level  of  ug  per  liter  is  possible. 


D.  Uses  in  Army  Munitions  Production 

1 . Uses 

SEX  is  not  used  or  purposely  produced  by  the  military.  It  is  an 
unwanted  by-product  of  RDX/HMX  manufacture  at  Holston  Army  Ammunition  Plant 
(HAAP).  SEX  is  formed  during  the  nitration  of  hexamlne  in  the  presence  of 
nitric  acld/ammonlum  nitrate  and  acetic  acid/aceclc  anhydride  to  produce 
RDX  or  HMX.  During  these  processes,  soma  of  the  hexamlne  is  acetylated  by 
the  acetic  acld/acetic  anhydride  solvent. 
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2.  Occurrences  of  SEX  in  the  Aqueous  Effluents  from  HAAP 

In  1977,  Holston  Defense  Corporation  began  sampling  savsral 
effluent  atreeas  for  SEX.  The  data  they  obtained  depended  to  a large 
extent  on  the  manner  in  which  the  samples  wars  stored.  For  comparison 
purposes,  only  the  analytical  reaults  from  the  samples  stored  in  acetonitrile 
are  presented  in  Table  VI-2.  Semples  vers  obtained  from  four  locations: 
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- N-3  - manhole  below  Building  N-3  which  carries  effluents  from 
tha  G,  H,  1,  J,  K,  M and  N Buildings  on  lines  1 through  5. 

- N-6  - manhole  bslow  Building  N-6  which  carrlaa  process  affluents 
from  Buildings  D6,  E6  and  G6. 

- T-2  - manhole  below  T-2  (acid  area)  which  carries  process 
effluents  from  Buildings  C3,  C5,  B9,  511,  D3,  D5,  E3  and  E4. 

• Hols ton  River  at  the  area  B boundary. 

From  the  data  in  the  table,  it  appears  that  SEX  is  entering  the 
environment  from  the  nitration  buildings  (D-Buildings) , the  Acids  Removal 
and  Explosives  Wash  (E-Buildings) , Recrystallization  (G-Buildings) , Dewatering 
(H-Buildlnga)  and  the  Incorporation  Buildings  (I,  J,  K,  L,  M) . However  the 
major  amount  of  SEX  entering  the  environment  is  from  the  dewatering  and 
incorporation  steps. 

Average  concentrations  of  RDX,  HMX,  TAX  and  SEX  at  the  four 
sampling  points  are  given  below: 


SEXfmg/1) 

2.3 

0.8 

0 

0 


In  the  effluent  from  the  dewatering  and  incorporation  steps,  SEX  is  present 
at  levels  between  50  to  90*  of  the  HMX  or  20  to  40Z  of  the  RDX  present.  At 
full  mobilization,  208  million  pounds  of  RDX  is  produced  yearly.  If  1Z 
is  lost  in  the  effluents,  then  HAAP  could  discharge  as  much  as  2.1  million 
pounds  of  RDX  per  year.  Discharges  of  SEX  could  be  0.4  to  0.8  million  lb/year 
if  the  20  to  40Z  ratio  of  SEX/RDX  is  valid. 


Sample 

Point 

RDX(mg/l) 

HMX (mg/ 1) 

TAX(mg 

N-3 

5.5 

2.6 

4.8 

N-6 

4.5 

1.6 

2.6 

T-2 

0.3 

0.12 

0.02 

River 

0.01 

0.01 

0.004 

E.  Uses  in  the  Civilian  Community 

SEX  is  not  used  or  produced  by  the  civilian  community. 

F.  Comparison  of  Civilian  and  Military  Uses  and  Pollution  of  SEX 

SEX  is  a by-product  of  the  RDX/HMX  manufacture  at  HAAP.  Thera  are  no 
civilian  uses  or  products  of  this  chemical.  Therefore,  SEX  is  a unique 
military  by-product  which  entars  tha  anvironment  in  the  effluents  from  HAAP. 

G.  Toxicological  and  Environmental  Hazards 
1.  Mammalian  Toxicity 

No  mammalian  toxicity  studlas  on  SEX  are  reported  in  tha  literature. 
However,  its  toxicological  behaviour  is  expected  to  be  similar  to  other 
nltraminea  such  as  RDX.  Studlas  have  shown  RDX  to  have  a low  acuta  toxicity 
(Von  Oettingen  at  at .,  1949).  Chronic  exposure  by  respiratory,  gastrointestinal 
or  skin  absorption  results  in  nausea,  vomiting,  convulsions  and  unconsciousness 
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In  human  workers.  The  Amarican  Conference  of  Governmental  Industrial 
Hygienists  (1977)  have  recommended  a TLV  of  1.5  og/m’  for  SOX.  A similar 
TLV  for  SEX  would  probably  provide  adaquate  worker  protection. 

2.  Aquatic  Toxicity 

Although  no  aquatic  toxicity  data  on  SIX  was  found  in  the  literature, 
Liu  and  Bailey  (1977)  studied  the  aquatic  toxicity  of  SOX.  RDX  is  a nitramine 
having  the  following  structure: 


NO- 


E 


2f  f2 


^ C S 
H2 


*N0- 


They  found  a 96  hour  LC50  of  5.3  ppm  to  minnows  and  a 48  hour  EC50  of  >41  ppm 
to  Daphnia.  magna.  The  aquatic  toxicity  of  SEX  is  probably  in  this  range. 

Liu  and  Bailey  (1977)  also  found  a low  bioaccumulation  factor  (2  to  3)  of 
RDX.  The  bloaccuuulatlon  of  SEX  is  probably  also  low.  However,  at  full 
mobilization  the  concentration  of  nltramlnes  (RDX,  TAX,  HHX  and  SEX) 
anttvring  the  Hols ton  River  would  be  high  enough  to  cause  significant 
biological  stress  in  areas  of  the  river  downstream  from  HAAP  Ares  B. 

Green  end  Eiklor  (1977)  found  33%  of  HMX  (an  tight  member 
symmetrical  nitramine)  and  59%  of  RDX  added  to  a trickling  filter  were 
degraded.  However  the  products  of  this  degradation  were  not  identified. 

It  is  possible  that  highly  toxic  N-nitroso  compounds  are  formed  in  this 
degradation. 

3.  Availability  of  Literature  for  Phase  II 

There  appears  to  be  relatively  little  readily  available  literature 
on  the  toxicity  and  environmental  fate  of  SEX.  However,  contacts  with 
foreign  RDX  manufacturers,  evaluation  of  foreign  literature  and  comparison 
with  other  nitramlnea  might  prove  useful. 

H.  Regulations  and  Standards 

Thar a are  no  existing  United  States  regulations  or  standards  for  SEX. 

I.  Conclusions  and  Recommendations 


An  evaluation  of  the  readily  available  literature  on  SEX  has  . -shown  it 
to  be  a military  unique  compound.  Because  of  its  presence  in  large 
quantities  in  the  HAAP  effluents,  further  study  of  this  compound  by  the 
Army  should  be  undertaken.  The  following  studies  are  recommended. 
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1.  Phase  II  detailed  evaluation  of  the  toxic ological  and 
environmental  hazards  of  this  compound  should  b«  undertaken.  This  study 
should  evaluate  the  older  and  the  foreign  literature  on  SEX  and  similar 
nitraoinas.  Contacts  with  foreign  manufacturers  and  researchers  should 
also  be  made. 


2.  Solubility  studies  in  aqueous  media  should  be  conducted  if 
these  values  are  not  found  in  the  older  literature. 

3.  Further  sampling  and  analysis  of  Holston  efflusnts  should  be 
undertaken  to  verify  existing  data. 

4.  The  affect  of  SEX  on  the  proposed  biotreataent  facility  as 
veil  as  its  biotransformation  products  should  be  determined. 

3.  Acute  aquatic  toxicity  studies  with  this  compound  should 
be  initiated  on  at  least  two  spacias  present  in  the  Holston  River. 

6.  In  vitro  mutagenic  testa  should  be  conducted  on  SEX. 

7.  Acute  and  chronic  mammalian  toxicity  studies  should  also 
ba  conductad  by  both  skin  and  oral  routes  of  administration. 
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SUMMARY 


I 


1,3-dinitrobenzene  is  not  intentionally  produced  by  the  Army  in  its 
munitions  production.  This  compound  is  a by-product  of  INT  manufacture.  TNT 
is  manufactured  at  Radford,  Volunteer,  Joliet  and  Newport  Army  Ammunition 
Plante.  However,  there  is  no  current  TNT  production  in  the  United  States. 

The  toluene  starting  material  used  for  the  manufacture  of  TNT  con- 
tains ^230  ppm  benzene.  Zn  the  process,  this  benzene  is  nitrated  to  the 
dinitro-acage.  1,3-dinitrobenzene  accounts  for  ^93%  of  the  dinitrobenzene 
formed.  Most  of  the  1,3-dinitrobenzene  remains  in  the  final  TNT  product. 
However,  some  portion  is  discharged  in  the  red  water  evaporator  condensate 
stream.  This  stream  contains  an  average  of  2 ppm  1,3-dinitrobenzene.  Esti- 
mated discharges  of  1, 3-d ini tro benzene  from  TNT  manufacture  are  between  0.2 
and  2.0  lb/llne/day.  These  numbers  are  dependent  on  the  type  of  process  and 
the  purity  of  the  toluene. 

Since*  1,3-dinitrobenzene  is  found  in  the  TNT  final  product,  it  .can 
also  enter  the  environment  from  TNT  blending  at  Holston  Amy  Ammunition 
Plant  and  the  LAP  plants.  1 ,3-dlnitrobenzene  can  also  be  produced  in  the 
environment  by  photolysis  of  2, 4-dini tro toluene.  Once  formed,  1,3-dinitro- 
benzene  does  not  undergo  further  photochemical  decomposition. 

There  is  one  civilian  manufacturar  of  1,3-dinitrobenzene  in  the 
United  States.  All  the  product  produced  in  the  civilian  sector  Is  used  as 
a synthetic  intermediate,  mainly  in  the  dye  industry.  The  pollution  from 

1,3-dinitrobenzene  from  the  civilian  manufacture  and  use  is  not  known.  How- 
ever, it  la  probably  far  less  than  that  from  TNT  production  and  uss  at  full 
mobilization. 

1,3-dinitrobenzene  is  a highly  toxic  chemical.  It  can  be  absorbed 
through  the  skin.  It  produces  a variety  of  symptoms  most  of  which  ara  the 
result  of  methemoglobin  formation.  Because  of  the  toxic  nature  of  1,3-dini- 
trobenzene, it  has  been  recommended  that  women  and  children  under  18  years 
of  age  not  be  allowed  around  1,3-dinitrobenzene.  This  compound  is  rapidly 
metabolized  by  mammals.  Tha  mathemoglobin  formation  is  believed  to  be  due 
to  the  metabolites  of  1,3-dinitrobenzene.  However,  this  theory  has  not  been 
substantiated. 

In  the  aquatic  environment,  1,3-dinitrobenzene  is  toxic  to  fish 
and  microorganisms.  Soma  soil  microorganisms  have  bean  shown  to  degrade 

1,3-dinitrobenzene  slowly.  However,  degradation  products  are  nitrosoaminas, 
amines,  hydroxylamlnes , stc.  All  thsse  compounds  are  a greater  hazard  than 

1,3-dinitrobenzene  itself.  Under  most  circumstances,  1,3-dinitrobanzene 
will  accumulate  in  the  sediment.  Some  degradation  may  occur  but  this  degra- 
dation will  be  minor.  Bioaccumulation  may  also  occur.  . However,  there  art 
no  data  on  Che  bioaccumulation  factor  of  1,3-dinitrobenzene. 

T,n  view  of  the  toxicity  and  the  widespread  Army  pollution  of  this 
compound,  it  is  recommended  that  1,3-dinitrobanzene  be  included  in  the  Phase 
II  study.  It  is  also  recommended  that  additional  experimental  studies  be 
conducted  to  clarify  the  environmental  face  of  1,3-dinitrobanzene  and  tho 
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effectiveness  of  planned  treatment  processes  for  removing  this  compound  from 
effluent  streams. 


i 
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FOREWORD 


This  report  da tails  the  results  of  a preliminary  problem  definition 
study  on  1,3-dinitro benzene.  The  purpose  of  this  study  was  to  determine  the 
Army's  responsibility  for  conducting  further  research  on  1, 3-dinitrobenzene 
in  order  to  determine  its  toxicological  end  environmental  hazards  so  that 
affluent  standards  can  be  recommended.  In  order  to  determine  the  Army's  re- 
sponsibility for  further  work  on  1, 3-diaitrobenzene, the  military  and  civilian 
usage  and  pollution  of  this  chemical  were  evaluated.  In  addition,  a pre- 
liminary overview  of  toxicological  and  environmental  hazards  was  conducted. 

1,3-dlnltrobenzcne  was  only  one  of  48  chemicals  evaluated  under  Phase  IA 
of  contract  No.  DAMD17-7  7-07057.  These  chemicals  are  grouped  in  four 

categories 


- explosives  related  chemicals 

- propellant  related  chemicals 

- pyrotechnics 

- primers  and  tracers 

Each  category  is  a major  report.  Section  I of  each  report  is  an  overview  of 
tha  military  processes  which  use  each  chemical  and  the  pollution  resulting 
from  the  use  of  these  chemicals.  The  problem  definition  study  reports  on 
each  chamlcal  ara  separable  sections  of  these  four  reports. 

In  addition,  a ganaral  methodology  report  was  also  prepared.  This  report 
describes  the  search  strategy  and  evaluation  methodology  utilized  for  chis 
etudy. 
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VII . 1. 3-DINITR0BEN2ENE 

A.  Alternate  Nana* 

1, 3-dinitrobeniene  is  ont  of  the  three  possible  dinitrobenzene  isomers. 
This  isomer  hss  the  following  structure: 


The  molecular  formula  of  1,3-dinitrobenzene  is  CgH4N204  corresponding  to  a 
molecular  weight  of  168.11  g/raole.  Pertinent  alternate  names  for  1,3-dinitro- 
benzene are  listed  below: 


i 


CAS  Registry  Ho . : 

CA  Hama  (9CI) : 

CA  Name  (SCI) : 

Wiswesaer  Line  Notations: 
Synonyms: 


99-65-0 

Benzene,  1,3-dinitro- 
Benzene,  m-d.initro- 
WNR  CNW 

m-d ini tro bon zone ; 1 , 3-dini trobenzena 


B.  Physical  Properties 

The  physical  properties  of  1,3-dinitrobenzene  are  presented  in  Table 
VII-1.  The  infrared  spectrum  of  this  compound  is  shown  In  Figure  VII-1. 


Figure  VII-1.  Infrared  Spectrum  of  1,3-dinitrobenzene 
(Pouchart,  1970). 


I 


j 

\ 


Table  VXI-1.  Physical  Properties  of  1,3-dinitrobenzsne* 


Physical  Form  @ 20 *C: 
Color: 

M.P.  : 

B.P.  : 


Crystal  Density: 

Flash  Point: 

Haat  of  Combustion  (AHp) : 
Solubility : 


mono clinic  nesdlas 
colorlss*  to  yallow 
89.57*C 

302. 8*C  3 770  mmHg 
300-303‘C  0 760  imnHg 
d*  1.371 
1.5«j56 

150 *C  (closed  cup) 

4145  cal/g 

water  - 0.046  g/100  g 0 15”C 

- 0.32  g/100  g 0 100*C 
ethanol  - 2.60  g/100  g 0 20* C 
ethyl  ether  - 6.7  g/100  g 0 15 *C 
benzene  *•  34.7  g/100  g 0 18*C 


*Ra£erence:  Klrlc  and  Othmer  1S66,  1967;  Hawley,  1977; 
WIndholz,  1976. 
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The  ultraviolet  spectrum  of  1,3-dinitrobenzena  shows  an  absorption  maximum 
at  233  nm  and  a corresponding  molar  absorptivity  of  185,000  (CRC,  1974). 


C.  Chemical  Properties 

1.  General  Reactions 

The  nitrobenxenas  undergo  two  main  types  of  reactions  - reduction 
and  substitution,  both  electrophilic  and  nudeophylic , 

a.  Reductive  Reactions 

1,3-dinitrobenrane  (1,3-DNB)  can  be  reduced  to  m-phenylene- 
diamiae  with  zinc  in  HC1,  among  other  reagents. 


Treatment  with  Zn  in  water  results  in  less  complete  reduction. 


Reduction  of  monoltrobenzene  with  Zn  in  base,  or  with  LiAlH,  produces  N,N' - 
diphenyl  hydraziMS  (March,  1968). 


Reductive  coupling  of  1,3-DNB  may  alito  give  a polymeric  product  of  the 


following  structure. 

fy™2  Zn  > 

'syNH  — UN-yt* 

Vi 

NaOH  * 

k 

J k 

J I 

no2 

k 

Partial  reduction  can  also  be  achieved  with  sulfides.  Dinitrobenzene  is 
transformed  to  m-nitroaailine  with  NaHS  (Abrahart,  1968). 


( 


b.  Substitution 


Electrophilic  substitutions,  normally  the  nost  familiar  form  of 
aromatic  substitutions  proceed  only  with  great  difficulty.  1,3-diniccobensena 
can  be  nitrated  with  anhydrous  nitric  in  fuming  sulfuric  acids  at  110'C  (March, 
1968),  Substitution  occurring  at  th*  5-position. 

N02  no2 

HNO3,  H2S04 

,Mn  110*0  * 
no2 


a, 


NOo 


f 


Nitrobenzenes  are  very  susceptible  to  nucleophilic  attack, 
however,  with  substitution  generally  occurring  in  ortho  or  para  to  the  nitro 
groups.  1,3-din.ittrobenzene  reacts  with  hydroxyl  ion  in  the  presence  of 
oxidizing  agents  Co  give  2,4-dinltrophenal  (Fieser  and  Fieser,  1963)! 


NO  2 

OH9^ 


In  the  absence  of  an  ojcidizing  agent,  azoxybenzenes  are  obtained  in  addition 
to  the  phenols  by  disproportionation.  1,3,5-trinitrobenzene  reacts  with 
hydroxylamine  to  form  picramide  (Fieser  and  Fiaoer,  1963).  1,3-dinitro- 
benzene may  undergo  a similar  reaction: 


NO  0 


1, 3 ,5-trinitrobenzene  will  also  undergo  nucleophilic  addition 
reactions.  For  example  amines  will  add  to  the  nitrogen  oxygen  bonds  leading 
to  oxyhydroxylamines  (Bernasconi,  1970)  and  Grignard  reagencs  will  attack  the 
aromatic  ring  leading  to  substituted  cyclohexanes  (March,  1968).  1,3-dinitrc- 
benzene  might  be  expected  to  undergo  similar  reactions. 


c.  Thermal  Decomposition 


i 


Thermal  decomposition  of  1,3-DNB  can  be  expected  to  produce 
results  similar  to  the  decomposition  of  1,3,5-TMB.  Pvrolvsis  of  1,3,5- 
TN3  gave  a gas  mixture  cont  lining  N2 , CO,  C02,  H20  and  small  amounts  of  MO. 
A multi-component  liquid  reuidue  and  a brown  film  of  nonuniform  composition 
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were  also  formed.  Possible  constituents  of  tha  liquid  ara  benzene,  phanol, 
aniline,  biphenyl,  sad  thalr  nltro  and  nitroso  derivative* . Spactroscoplc 
Investigation  of  tha  film  Indicated  unaaturatad  aromatic  bonds  and  eha  pres- 
ence of  C-NOj  functional  group  (Malcoimov,  1972). 

2.  Sampling  and  Analysis 

Analytical  techniques  for  1,3-DNB  have  been  developed  in  conjunc- 
tion with  the  analysis  of  explosive  mixtures.  Most  of  tha  procedures  have 
bean  designed  to  enable  analysis  in  the  presence  of  chemically  similar  com- 
pounds. 


Thin  layer  chromatography  (TLC)  of  dlnltrobenzene-amine  charge 
transfer  complexes  hss  besn  used  for  the  separation  and  identification  of 
explosive  component! . DNB  reacts  with  an  aromatic  amine  to  form  a colored 
charge  transfer  complex. 


Qualitative  identification  of  as  little  aa  2 pg  of  material  in  tha  presence 
of  trinitrotolulene  (TNT),  trinitrobenzene  (TNB) , and  other  aromatic  nitro 
compounds  la  possible  (Parihar  et  al,t  1968). 

Gas  chromatography  (GC)  has  been  used  to  monitor  tha  composition 
of  tha  organic  phase  of  a continuous  TNT  production  process  (Dalton  et  at.  , 
1970) . GC  in  tandem  with  high  resolution  mass  spectrometry  has  also  bean 
used  for  analysis  of  TNT  impurities  (Chang,  1971).  Quantitative  estimation 
of  DNB  maybe  hindered  by  tha  presence  of  dlnitrobanzolc  acid  (DNBA) . DNBA 
ia  tha  oxidation  product  of  dinitrotolulena,  a containment  of  TNT  resulting 
from  incomplete  nitration.  High  injection  port  temperatures  can  yield  decar- 
boxylation of  tha  add,  thus  raising  tha  apparent  1,3-DNB  concentration. 


Infrared  spectroscopy  has  been  investigated  for  explosive  analysis. 
It  is  a datod„ technique , useful  for  identification  of  simple  mixtures 
(Fristera  et  at..,  1960). 
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Pass  of  1 .3-dlnitrobenzane  in  Army  Munitions  Production 


1.  Purposes 

The  Army  does  not  product  1,3-dinitrobenzsne  (1,3-DNB)  for  use 
«a  an  txplosivt.  Howtvar,  under  the  conditions  employed  in  the  production 
of  TNT,  the  benzene  impurities  in  the  toluene  starting  material  are  nitrated 
to  dinitrobensenes.  Of  tha  possible  dinitrobenzene  isomers,  1,3-DNB  is 
^93X  of  tho  product.  The  benzene  impurity  in  the  toluene  is  nominally  present 
at  a 250  mg/1  concentration  (Kohlbeck  and  Chandler,  1973).  Thus,  MJ.017%  of 
the  TNT  product  could  be  1,3-DNB. 

2.  Speculated  or  Estimated  Losses  of  1,3-dlnitrobenzena  from  TNT 

Manufacturing 

a.  Process  Losses 

The  major  1,3-DNB  losses  from  the  TNT  manufacturing  process 
occur  in  tha  yellow  and  red  water  waste  streams.  The  yellow  water  is  either 
returned  to  the  nitrators  or  added  to  the  red  water.  The  red  water  is  con- 
centrated in  an  evaporator.  The  evaporator  condensate  Is  discharged  into  the 
environment  and  is  thus  the  major  source  of  pollutants  from  the  process.  The 
evaporator  condensate,  at  VAAP  has  bean  shown  to  contain  an  average  1,3-DNB 
concentration  of  2.05  mg/1  (Barkley,  1978).  During'this  sampling,  one  con- 
tinuous line  was  in  operation.  * 

1,3-DNB  has  not  been  measured  in  the  effluents  from  ths  con- 
tinuous process  at  RAAP  or  JAAP.  Since  the  formation  of  1,3-DNB  is  the  re- 
sult of  benzene  impurities,  the  amount  .discharged  would  be  approximately 
the  same  as  the  VAAP  discharges.  The  Sellite  washer  flow  at  RAAP  is  'vSOOO 
gallons/ line/day  (Kohlbeck  and  Chandler,  1973).  This  water  plus  the  waste 
yellow  water  results  in  a total  flow  of  ^16,000  gallons /line /day.  In  the 
evaporator,  watar  is  removed  until  the  solids  content  is  35-40%.  Thus,  the 
condensate  water  released  to  the  environment  from  continuous  lines  will  be 
•vll.OOO  gallons/ lint/ dey.  Ths  rssulting  avsrags  discharge  of  1,3-DNB  would 
ba  0.188  Ib/line/day  at  full  mobilization  for  tha  continuous  linea  at  RAAP, 

JAAP  and  VAAP. 

• 

Ths  maximum  amount  of  1,3-DNB  which  could  bs  producsd  from 
ons  11ns  ssch  day  is  17  lb.  This  number  represents  a large  discrepancy  from 
ths  sampling  data,  'fhara  ara  several  potential  explanations  for  this  dis- 
crepancy. 

- a large  amount  of  1,3-DNB  ia  in  the  final  product 

- all  the  benzene  present  is  not  nitrated  to  the 
dinitrobenzene  stage 

reaction  losses  of  1,3-DNB  occur  in  Che  process. 

There  is  not  sufficient  information  available  to  adequacaly  evaluate  these 
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losses.  Howaver,  a good  estimate  for  all  environmantal  discharges  of  1,3-DNB 

would  be  bacwaan  0.2  lb/line/day  and  2.0  lb/line/day.  These  numbers  are  highly  J 

dependent  on  the  type  of  process  (batch  or  continuous)  and  the  purity  of  toluene. 

I 

b.  Production  of  1,3-dinitrobenzene  in  the  Environment 

1,3-DNB  can  be  produced  photochemically  from  2,4-DNT.  The 
amount  of  1,3-DNB  produced  by  photoconversion  of  2,4-DNT  is  not  known.  How- 
ever, IX  conversion  is  not  an  unreasonable  number.  Discharges  of  2,4-DNT  at 
RAAP  ware  reported  to  be  1.4  lb/day  with  three  lines  in  operation  (Small  and  J 

Rosenblatt,  1974).  At  a IX  photoconveraion,  the  resulting  1,3-DNB  would  be 

only  .003  lb/line/day.  I 

1 

I 

c.  Estimated  1,3-dinitrobenzene  Discharges  from  TNT  Manufacture  , 

j 

Combining  the  1,3-DNB  from  the  process  and  photochemical  j 

sources,  discharge  races  and  river  concentrations  can  be  calculated  for  RAAP, 

JAAP  and  VAAP.  These  data  art  presented  in  Table  VII-2. 


Table  VII-2.  Estimated  Discharges  and  River  Concentrations 
of  1,3-DNB  at  Full  TNT  Production. 

. Total  River 


Plant 

Number 
of  Lines 

Discharge  Rates 

lb /day 

River 

River  Flow 
mgd 

Concentration 
. - Ppb 

RAAP 

2 continuous 

.40 

New 

2,380 

0.02 

VAAP 

6 batch, 

6 continuous 

2.4  to  13.2 

Tennessee 

23,750 

0.01  to  0.07 

JAAP 

3 batch, 

6 continuous 

1.8  to  7.2 

Illinois 

5,390 

0.04  to  0.16 

3.  Estimated  or  Speculated  Losses  from  TNT  Blending  Operations 

TNT  is  blended  with  RDX  or  HMX  at  Holston  AAP,  The  blending  or  in- 
corporations operation  was  described  in  Section  I.A.l.f.,  page  40  of  this  re- 
port. 1,3-DNB  is  not  quantitatively  measured  in  the  RAAP'  effluents.  There- 
fore, any  discharge  values  are  based  on  conjecture  and  should  be  treated  au 
such. 

As  discussed  etrlier,  es  much  as  0.017X  of  the  final  TNT  product 
could  be  1,3-DNB.  At  full  production,  111  million/lb/year  of  TNT  would  be  used 
et  RAAP.  At  full  mobilization,  en  estimated  650  lb/day  of  TNT  would  be  dis- 
charged to  the  Holaton  River.  1,3-DNB  is  approximately  twice  as  soluble  as 
TNT.  Using  this  information,  a discharge  of  from  1,11  to  2.22  lb/day  of 
1,3-DNB  could  be  expected.  The  resulting  concentration  in  the  Holston  River 
(assuming  complete  mixing)  would  be  0.006  to  0.012  ppb. 
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4.  Estimated  or  Speculated  Losses  from  LAP  Operations 


Any  1,3-DNB  discharged  at  the  LAP  plants  would  be  in  the  pink 
water  from  the  malt-pour  operations  and  building  wash  downs.  Comhusker, 
Kansas,  Lone  Star,  and  Louisiana  AAPs  dispose  of  pink  water  generated  from 
LAP  operations  by  evaporation  in  ponds  or  basins.  The  amount  of  1,3-DNB  in 
these  evaporation  ponds  is  unknown.  The  extent  of  leaching  of  this  compound 
into  the  ground  water  at  these  facilities  is  also  unknown. 

Iowa  and  Joliet  AAPs  use  carbon  adsorption  to  treat  pink  water. 

No  detectable  1,3-DNB  was  found  in  the  effluent  from  the  carbon  column  at 
Iowa  AAP  (Burlinson  and  Glover,  1976). 

E.  Uses  in  the  Civilian  Community 

1.  Production  Methodology 


benzene . 


1,3-DNB  Is  prepared  by  the  mixed-acid  nitration  of  mononlcro- 


O' 


H2s°4 


O' 


2.  Manufacturers,  Production,  and  Capacities 

E.  i.  duPont  is  currently  the  only  U.S.  manufacturer  of  1,3-DNB 
They  operate  a plant  of  unknown  capacity  in  Deepwater,  N.  J.  1,3-DNB  was 
previously  imported  from  Germany  by  the  American  Hoachst  Corporation.  They 
left  the  market  in  late  1977. 

3.  Usages 

1,3-DNB  is  used  as  a synthetic  intermediate.  Reduction  with 
aqueous  Na2S  at  95*C  yields  m-nitroanillne,  also  known  as  Fast  Orange  R Base. 
More  complete  reduction  to  m-phenylenediamine  is  achieved  with  iron  filings 
in  aqueous  acid.  m-Phenylenediamlne  is  used  primarily  as  a dye  Intermediate 
and  in  tha  synthetic  resin  industry.  Use  of  1,3-DNB  as  an  intermediate 
reportadly  account*  for  10O/C  of  tha  U.S.  production. 

4.  Future  Trends 

Production  of  m-phenylenadlamine  accounts  for  most  of  the  1,3-DNB 
currently  made.  The  phenylenediamine  market  has  bean  suable  for  the  past 
ten  y~*rs  showing  no  appreciable  growth  or  decline  (Miller-Stephenson  Co., 
1978).  But  OSHA  is  currently  studying  m-phenylenedlamine  along  with  other 
Indus trlally  used  chemicals.  If  OSHA  evaluatss  m-phenylanrdiamine  un- 
favorably, a major  daclins  in  civilian  production  can  be  expected. 
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Dua  to  th«  dangers  associated  with  its  explosive  properties , new 
uses  for  m-dinicrobenzena  are  not  actively  being  investigated. 

5.  Documented  or  Speculated  Occurrences  in  the  Environment 

Occurrences  of  1,3-DNB  in  the  civilian  environment  have  not  been 
reported  in  the  literature. 

F.  Comparison  of  Military  and  Civilian  Usages  of  1,3-dlnltrobanzana 

Civilian  production  of  1,3-DNB  is  small.  The  exact  capacity  and  current 
production  at  the  one  plant  making  1,3-DNB  are  proprietary.  This  chemical 
is  used  as  soon  as  it  is  producad  for  production  of  dyes.  Therefore,  the 
amount  of  pollution  resulting  from  the  civilian  production  and  use  off  1,3-DNB 
would  be  expected  to  be  minimal.  The  Army  does  not  intentionally  make  1,3- 
DNB.  However,  it  is  present  in  the  pink  water  effluents,  although  the  amount 
of  this  discharge  la  relatively  small. 

G.  Toxicological  and  Environmental  Hazards 

1,  Human  Toxicity 

The  toxicity  of  1,3-DNB  to  Industrial  workers  is  well  documented 
(Bonzenigo,  1931;;  Von  Oettingen,  1941;  Lehky,  1953;  Hunter,  1955).  Although 
1,3-DNB  is  a solid,  it  is  rapidly  absorbad  through  the  skin.  Acute  symptoms 
include  headache,  vomiting,  rapid  weak  pulse,  cyanosis  and  jauudice.  Chronic 
exposure  can  produce  weekneas,  headache,  vomiting,  cyanosis  and  anemia  (Fair- 
hall,  1969).  Cyenoeis  or  methemoglobinemia  occurs  when  the  heme  group  is 
oxidized  from  the  Fe"w‘  (forroua  state)  to  the  abnormal  Fa**  (ferric  state). 
The  oxygen  la  tightly  bound  to  the  metheaoglobin  and  is  not  available  to  the 
cells.  Timer  (1947)  found  that  over  6QU  of  the  people  working  in  the  actual 
production  of  TNT  had  been  poisoned.  He  recommended  chat  women  and  chlldran 
under  18  not  be  allowed  to  work  when  1,3-DNB  was  present. 

Ishlkoia  «t  al.  (1976)  found  a cast  of  1,3-DNB  poisoning  due  to 
•kin  absorption.  With  the  aid  of  a volunteer  they  excluded  air  as  chs  routa 
of  exposure  end  found  that  1,3-DNB  panetratad  supposedly,  protective  latax 
gloves.  Apparently  the  effects  of  1,3-DNB  esn  very  depending  on  the  indi- 
vidual. Barlcic  (1956)  found  2 women,  similarly  exposed  to  1,3-DNB,  with 
toxic  uethenoglobinamia.  One  had  liver  damage  and  no  Heinz  bodies  in  the  t 
erythrocytes,  the  other  woman  had  Heinz  bodies  but  no  liver  damage. 

Contact  by  workers  with  DNB  should  be  limited  and  their  health 
monitored  for  posaibla  symptoms.  Although  DNB  is  a hazardous  substance, 
removal  from  exposure  will  usually  relieve  the  symptoms’. 

2.  Toxicity  to  Mammals  and  Birds 

a.  Acute  end  Chronic  Toxicity 

Several  studies  have  been  conducted  to  evaluate  the  toxicity 
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of  1,3-DNB.  Tha  results  of  acuta  toxicity  studias  on  several  mammals  and 
birds  ara  prasantad  in  Tabla  VII-3.  Tha  rasults  of  thssa  studies  indicate 
1,3-DNB  to  be  highly  toxic  by  oral  and  intarvanous  administration. 


Chronic  effects  of  1,3-DNB  on  rats  were  studied  by  Christian 
et  at.  (1975).  They  administered  1,3-DNB  at  concentrations  of  50,  100  and 
200  ppm  in  the  drinking  water,  over  a six  week  period.  The  200  ppm  levels 
were  toxic  to  2/3  of  the  male  rata.  Sublethal  affects  were  noted  in  both 
sexes  and  were  related  to  the  level  of  exposure  to  1,3-DNB.  These  effects 
were  weight  loss,  atrophy  of  the  testes  and  deposition  of  a brown-yellow 
pigment  in  the  liver  calls.  In  a continuation  of  this  study,  more  of  the 
sublethal  effects  were  observed  on  rata  with  S ppm  of  1,3-DNB  in  the  drinking 
water. 

Kiase  (1949)  observed  chronic  effects  of  1,3-DNB  in  dogs  given 
subcutaneous  Injections  of  0.2-6. 0 mg/kg  1,3-DNB.  Me  found  a 30%  Incidence 
of  liver  damage  and  anemia  in  the  dogs.  Abood  and  Romanchak  (1957)  observed 
the  inhibition  of  oxidative  phosphorylation  by  rat  brain  mitochondria  follow- 
ing administration  of  1,3-DNB.  1,3-DNB  partially  inhibited  succinic  dehydro- 

genase in  swine  heart  muscle  (Kadlubow  and  Koatmatka,  1960).  A reduction  in 
the  sciatic  nerve  conduction  rate  in  rats  was  observed  by  Pankow  «t  at,  (1975). 

b.  Biochemistry 

1,3-DNB  can  enter  the  body  orally,  through  the  lungs  or  through 
the  skin.  Once  inside  the  body,  it  appears  to  be  rapidly  metabolized.  Parka 
(1961)  studied  tha  metabolic  products  of  labeled  1,3-DNB  fed  to  rabbits. 

The  metabolic  products  he  observed  and  their  respective  oercentage  of  the 
dose  are  given  in  Table  VII-4.  The  sequence  shown  in  Figure  VIX-2,  is  pro- 
posed to  explain  the  various  metabolites  of  1,3-DNB  found  in  these  rabbit 
studlas. 


* 

* 

u- 


The  methemoglobinemia  caused  by  1,3-DNB  intoxication  is 
thought  to  be  through  its  metabolites  such  as  tha  m-nltrophenylhydroxylamlne 
(Merken,  1944).  However,  the  need  for  reduction  before  methamoglobln  for- 
mation hee  not  been  fully  substantiated. 

c.  Mutagenicity,  Carcinogenicity  and  Teratogenicity 

Mutagenicity,  carcinogenicity  and  teratogenicity  evaluations 
of  1,3-DNB  have  not  been  conducted.  However,  NCI  (1978)  has  tested  m-phenylene» 
diamine  (e  major  metabolite  of  1,3-DNB)  for  carcinogenic  potency.  This 
chemical  was  found  to  be  negative, 

3.  Toxicity  to  Aquatic  Organisms 

Very  little  information  exists  on  the  distribution  or  levels  of 
1,3-DNB  in  the  aquatic  environment.  Laboratory  acute  toxicity  studies  have 
shown  that  1,3-DNB  is  toxic  to  aquatic  organisms.  The  results  of  these 
studies  are  presented  in  Table  VII-5. 
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Table  VII-5.  Effect  of  1,3- dinitrobenzene  on  Aquatic  Organisms. 


4.  Toxicity  to  Microorganisms 

Several  studies  art  published  which  describe  the  action  of  1,3-DNB 
on  various  bacteria  and  fungi.  1,3-DNB  has  bean  shown  to  inhibit  the  growth 
of  many  bacteria  and  fungi  at  relatively  low  concentration*.  These  inhibitory 
effects  are  summarized  in  Table  VI 1-6.  Chambers  at  at.,  (1963)  found  a 
relatively  low  oxygen  uptake  and  slow  oxidation  of  1,3-DNB  by  several  micro- 
organisms (predominantly  l-ssudomonas) . Growth  inhibition  of  young  colonies 
of  Aapsvg-illus  nigsv  was  obsarvad  by  Higgins  (1960).  His  observations 
indicated  a depression  in  amino  acid  synthesis  through  the  formation  of 
citric  add  cycle  intermediate  in  the  early  growth  phase.  In  mature 
cultures,  the  1,3-DNB  metabolism  was  a sulfhydryl  dependent,  pyridine 
nucleotide-linked  ferro-fiavoprotein. 

In  spite  of  its  growth  inhibitory  effects  on  most  microorganisms, 
there  are  a few  species  capable  of  metabolizing  1,3-DNB.  Soil  microorganisms 
degrade  1,3-DNB  slowly  with  degradation  times  of  64  days  (Alexander  and 
Lustigman,  1966).  Bringman  and  Kuhn  '1971)  developed  a two  stage  aerated 
process  for  degradation  of  1,3-DNB.  The  first  stage  contained  Asobactev 
i&ilia  and  the  second  stage,  activated  sludge.  After  36  hours,  9 5—972  of 
the  1,3-DNB  was  reduced. 

The  mechanism  of  biodegradation  of  1,3-DNB  is  thought  to  be  a 
reductive  process.  This  process  proceeds  along  the  following  steps: 

N02  > NO  > NHOH > NH2 

m-nitrcnitrcsobenzene  was  identified  as  a 1,3-DNB  metabolite  from  Proteus 
vulgaris  (ttertwig  and  Lipschitz,  1920).  m-nltronitrosobenzene  and  m-nitro- 
phcnylhydroxylamine  hove  been  identified  as  metabolites  from  American 
baker's  yeast  (Creach,  1936).  Thus,  the  metabolites  of  1,3-DNB  such  as 

- m-nitronitrosobenzene 

- m-nitrophenylhydroxylamine 

- m-nitroaniline 

- m-phenylenedlamine 

could  present  a greatar  hazard  to  the  environment  than  the  1,3-DNB  Itself. 

5.  Phytotoxicity 

The  affect  of  1,3-DNB  on  the  photosynthesis  of  Chlorella  and 
spinach  chloraplast  was  examined.  The  photochemical  and  thermal  phases 
of  fluorescence  induction  were  inhibited  by  1,3-DNB.  -The  data  suggests  an 
irreversible  binding  of  1,3-DNB  to  the  reaction  centers.  Thus,  1,3-DNB  tnay 
adversely  affect  plants  by  interference  with  the  photosynthetic  process 
(Howard  St  at,  1976).  The  inhibiting  growth  action  of  nitrated  benzene 
was  reported  by  Stom  and  Khutorianskii  (1972).  The  inhibitory  action  was 
found  to  be  directly  related  to  the  electron  acceptor  ability  of  the  molecule. 
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Table  VII-6.  Growth  Inhibition  of  Bacteria  and  Fungi  by  1.3-dinitrobenzene. 


Kpidermophyton  Kauf  nan-Wol  f 


In  contrast:,  McRae  (1970)  reported  almost  total  herbicidal  effects  of 
2 lb/acra  of  1,3-DNB  with  no  crop  phytotoxic  response.  The  exception 
was  tomatoes. 

6.  Environmental  Fate  of  1,3-dinitrobenzene 

1,3-DNB  has  been  shown  to  be  photocheaically  stable  under  environ- 
mental conditions  (Barkley,  1978).  Losses  of  1,3-DNB  from  water  due  to 
volatility  are  expected  to  occur.  Due  to  its  low  solubility,  1,3-DNB  would 
be  expected  to  concentrate  in  the  sediment. 

Biodegradation  is  expected  to  occur  only  slowly  in  the  environ- 
ment. The  resulting  metabolites  may  be  more  hazardous  than  the  1,3-DNB  itself. 
Bloconcentratlon  factor  for  1,3-DNB  has  been  calculated  based  on  Its  octanol/ 
water  partition  coefficient.  This  factor  la  8.53  (Howard  at  at.,  1976). 

This  factor  is  very  low  when  compared  to  such  chemicals  as  endrln  which  has 
a factor  of  2957±10  (Howard,  at  at.,  1976).  A significant  amount  blo- 
concentratlon of  1,3-DNB  would  not  be  expected  to  occur.  Thus,  1,3-DNB 
could  present  a long  term  chronic  toxicity  problem  in  the  environment. 

7.  Availability  of  Literature  for  Phase  II 

1,3-DNB  has  been  widely  studied.  Research  on  toxicological 
'properties  of  this  compound  are  reported  in  both  the  United  States  and 
foreign  literature.  Therefore!  sufficient  literature  is  available  for  e 
detailed  Phaee  II  evaluation. 

H.  Regulations  and  Standards 

1.  Air  and  Water  Regulation 

1,3-DNB  1*  a small  voluma  chemical  and  is  uot  specifically  regulated 
by  air  or  water  effluent  guidelines.  However,  this  compound  Is  listod  in  the 
Toxic  Substances  Conrrol  Act  Candidate  List  of  Chemicals  (EPA,  1977). 

2.  Human  Expoiure  Standard* 

Tha  American  Conferance  of  Governmental  Industrial  Hygienists 
(1977)  recommends  a skin  sxposurs  TLV  of  1 tng/m^.  This  valus  has  been 
adopted  by  OSHA  (1974).  1,3-DNB  is  not  on  the  list  of  chemicals  to  be 

evaluated  for  carcinogenic  potential  by  NCI  in  their  bloassey  program. 

I.  Conclusions  and  Recommendations 

1,3-DNB  is  not  a military  unique  compound.  However,  pollution  from 
this  compound  by  the  military  if  at  least  as  high  as  that  from  civilian 
production  and  usage.  The  militery  pollution  is  also  widespread,  occurring 
in  the  effluents  from  TNT  manufacturing,  blending  end  loading  facilities 
and  from  the  photodecomposition  of  2,4-DNT  in  these  effluents. 
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1,3-DNB  is  highly  toxic  Co  mamnals , aquatic  organisms  and  microorganisms. 
No  photodagradation  in  tha  aquaous  anvironaant  occurs  and  microbial  degrada- 
tion occurs  slowly.  In  addition,  microbial  degradation  can  lead  to  toxic 
N-nitroso  and  amlna  compounds. 

After  evaluation  of  this  data  and  taking  into  consideration  tha  possible 
decline  in  civilian  production  and  use,  it  is  recommended  that  the  Army 
initiate  additional  work  on  this  compound.  This  work  should  include 

1.  A phasa  II  detailed  toxicological  and  environmental 
evaluation 

2.  Bioaccumulation  studies 

3.  The  affects  of  this  compound  on  effluent  treatment 
facilities 

a)  ability  of  the  bio treatment  facilities  at 
Holston  AAP  to  degrade  this  compound  and 
identification  of  the  degrtdatlon  products 

b)  the  effect  of  this  compound  on  tha  carbon 
adsorption  columns  and  tha  ability  of  the 
carbon  to  effectively  ramova  it  from  the 
effluent 

4.  Further  quantitation  of  the  actual  amount  of  1,3-DNB  in 
tha  TNT  final  product 

3.  Quantitation  of  the  photochemical  formulation  of  tha 
1,3-DNB  from  TNT  and  DNT  waeta  waters. 
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SUMMARY 


1. 3.5- trinitrobenzana  Is  an  axplosive  not:  manufactured  by  either 
the  civilian  or  military  communities.  It  is,  however,  a by-product  in  the 
manufacture  of  TNT.  TNT  manufacturing  facilities  are  located  at  Radford  AAP, 

Volunteer  AAP,  Joliet  AAP  and  Newport  AAP.  However,  no  TNT  is  currently  be- 
ing produced  in  the  United  States.  During  the  nitration  of  toluene  competi- 
tive oxidation  of  TNT  to  2,4,6-trinltrobenzolc  acid  occurs.  This  acid  is 
then  decarboxylated  in  the  nitrator  or  Sellita  washers  to  1,3,5-trinitroben- 
zane.  Most  of  the  trinitrobenzene  formed  is  found  in  the  final  TNT  product. 

However,  small  amounts  are  discharged  in  the  evaporator  condensate  from  the 
evaporation  of  red  water.  Estimates  of  the  1,3,5-trinitrobenzene  discharges 
from  the  manufacture  of  TNT  are  0.39  lb/line/day. 

Since  1,3,5-trinltrobanzane  is  formed  in  concentrations  of  Q.l  to 
0.7%  of  the  TNT  product,  it  can  also  be  found  in  effluent  from  blending  opera- 
tions at  Holston  AAP  and  loading  (LAP)  at  Joliet  AAP,  Cornhusker,  Kansas, 

Lone  Star,  Louisiana  and  Iowa  AAPs.  Estimated  discharges  from  blending  opera- 
tions an  Holston  could  be  as  much  as  9 lb/day.  The  discharges  from  the  LAP 
facilities  vary  depending  on  how  the  pink,  water  is  handled.  Cornhueker,  Kan- 
sas, Lone  Star  and  Louisiana  dispose  of  p*nk  water  in  evaporation  ponds. 

Joliet  and  Iowa  have  carbon  adsorption  columns. 

In  addition  to  the  1,3,5-trlnltrobenzene  in  the  effluent  from  the 
manufacture,  blending  end  loedlng  of  TNT,  1,3, 5- trinitrobenzene  is  formed 
photochemlcelly  from  TNT  in  the  weste  we ter.  It  ie  estimated  thet  1%  of  the 
TNT  discharged  is  converted  to  1,3,5-trinitrobenzene.  This  compound  is  not 
further  photochemlcelly  degraded. 

1.3.5- trinitrobeazexie  ia  moderately  toxic  In  acute  doses.  It  is, 
however,  very  toxic  in  subacute  or  chronic  doses.  The  mein  biochemical 
activity  of  this  compound  is  the  formation  of  methemoglobin. 

In  the  environment,  1,3,5-trinitrobenzene  Is  toxic  to  aquatic  or- 
ganisms. It  can  be  degraded  by  microorganisms  but  only  with  difficulty. 

Environmental  reactions  such  as  comp 1 citation  auU  derlvatlzetion  can  occur. 

However,  it  appears  that  1,3,5-trinltrobcnzene  tends  to  concentrate  in  the 
sediments  end  bioaccumulate  in  aquatic  organisms. 

1.3.5- trinitvobcnzana  is  a unique  military  chemical.  qome  minor 
pollution  may  occur  from  civilian  manufacture  of  nitrated  aromatics.  However, 
the  military  pollution  arising  from  this  compound  in  the  process  effluents 
end  from  photodecomposition  of  TNT  in  the  environment  is  the  major  source  of 

1,3,5-tzinltrobensenc  in  the  environment. 

The  following  recommendations  are  made  for  1,3,5-trlnltrobenzene: 

■■  Phase  II  study  be  initiated  X 1] 


- additional  sampling  at  RAAP  or  VAAT  (when  operational)  and 
HAAP  ba  carried  out  to  determine  the  extant  of  sediment 
and  biological  accumulation 


atudlaa  b*  conducted  on  Che  removal  of  1,3,5-trinitroban- 
zana  by  carbon  adaorption  and  ita  affacC  on  the  bed  to 
volume  breakthrough  for  TNT  and  RDX 

atudiea  be  conducted  to  determine  the  biodegradation 
producta  of  1, 3,5-trinitrobenaene. 
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FOREWORD 


This  report  details  the  raaults  of  a preliminary  problem  definition 
etudy  on  1,3,5-trinitrobenzena.  The  purpose  of  this  study  was  to  determine 
the  Amy's  responsibility  for  conducting  further  research  on  1,3,5-trinitro- 
benzene  in  order  to  determine  its  toxicological  and  environmental  hazards 
so  that  effluent  standards  can  be  recommended.  In  order  to  determine  the 
Amy's  responsibility  for  further  work  on  1,3, 5-trinitrobenzene» the  military 
and  civilian  usage  and  pollution  of  this  chemical  were  evaluated.  In  addition, 
a preliminary  overview  of  toxicological  and  environmental  hazards  was  con- 
ducted. 


1,3,5-trinitrobenzene  was  only  one  of  48  chemicals  evaluated  under 
Phase  IA  of  contract  No.  DAMD17-77-C-7057.  These  chemicals  are  grouped  in 
four  categories 

- explosives  related  chemicals 

- propellant  related  chemicals 

- pyrotechnics 

- primers  and  tracers 

Each  category  is  a major  report.  Section  I of  each  report  is  an  overview  of 
the  military  processes  which  use  each  chemical  and  the  pollution  resulting 
from  tha  use  of  these  chemicals.  The  problem  definition  study  reports  on 
each  chemical  are  separable  sections  of  these  four  reports. 

In  addition  a general  methodology  report  was  also  prepared.  This  report 
describes  the  search,  strategy  and  evaluation  methodology  utilised  for 
this  study. 
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VIII 


. 1.3. 5-TRI, NITROBENZENE 


A.  Alternate  Named 

l,3,5-C’:initrob€nzeno  la  an  axploaive  having  the  following  chemical 
structure: 


It  haa  a molecular  formula  of  and  a corresponding  molecular  weight 
of  213.11  g/mole.  Pertinent  alternate  names  for  1,3, 5- trinitrobenzene  are 
listed  below: 


CAS  Registry  No . : 

CA  Name  (8  Cl) s 
Wisvasaer  Line  Notation: 
Synonyms: 


B.  Physical  Properties 


99-35-4 

benzene,  1,3,5-trinitro- 
WNR  CNW  ENW 

Benzite;  s-trinitrobenzene;  aym-crinitro- 
benzene;  symmetric- trinitrobanzene j TNB: 
Trinitrobenzene;  1,3 ,3-trinitrobenzene 


The  physical  properties  of  1,3,5-trinltrobenzene  are  presented  in  Table 
VIII-1.  The  ultraviolet  spectrum  of  1,3, 5-urinitrabanzene  has  an  adsorption 
maximum  at  226  mu  with  a molar  absorptivity  of  26,913  (CRC,  1974), 


C.  Chemical  Properties 

1.  General  Reactions 


1,3,5-trinltrobenzene  (1,3,5-TNB)  can  be  reduced  to  trlamino- 
benzene  with  zinc  in  HC1,  among  other  reagents. 


no2  nhoh 
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Tabla  VTII-1.  Physical  Propartias  of  1,3,5-triaitrobanzana.* 


j Physical  Fora  9 20°C: 

i 


Color: 

X.P. 


B.P. 


Crystal  Danslty: 

s 

Solubility: 


dimorphous  solid:  Form  I (mast  common) 
orthorhombic  blpyramidal  platas;  Fora 
IZ-plataa 

pala  yallow 

122. 3°C  (Fora  I) 

61®C  (Fora  II) 

315°C  9 760  mm  Kg 
173°C  9 ? mm  Hg 

aubllmas  with  caraful  hosting;  axplodas 
on  rapid  hasting 

d^°  1.76 

d4152  1.4775 

watar  - 0.0278  g/100  g 9 15°C 
0.102  g/100  g 9 50* C 
0.498  g/100  g 9 100*C 

acatona  - 59.105  g/100  g 9 17*C 
160.67  g/100  g l?  50*C 

nathanol  - 3.759  g/100  g 9 17#C 
7.62  g/100  g 9 50*C 

952  athanol  - 1.392  g/100  g 9 17*0 
3.52  g/100  g 9 17*C 

aThyl  athar  - 1.703  g/100  g 9 17#C 

b*n*ana  - 6.176  g/100  g 9 17*C 
25.70  g/100  g 9 50*C 

athyl  acatata  - 29.826  g/130  g 9 17*C 
52.40  g/100  g 9 50*C 

pyrldina  ••  U2.602  g/100  g 9 17*0 
194.23  g/100  g 9 50*C 


^.Warancaa : Daavargnas,  1931;  Wlndholz,  1976;  Sax,  1976;  Hawlay,  1977. 
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Reduction  of  mononitrobenzene  with  Zn  in  bast,  or  with  LIAIH4,  produces 
N,N'-diph*nyl  hydrazine  (March,  1968). 


Raducclva  coupling  of  1,3,5-TNB  nay  give  a polymeric  product. 


Electrophilic  substitutions  on  a benzene  ring  are  well  known  and 
considered  the  typical  reaction  of  benzene  derivativee.  A nltro  substituent 
on  the  ring  decreases  the  reactivity  towards  electrophilic  attack.  The  com- 
bined effects  of  three  nltro  groups  makes  trinitrobenzene  particularly  non- 
reactive toward  electrophilic  attack.  The  chemistry  of  trinitrobenzene  is 
not  typical  benzene  chemistry.  The  electron  withdrawing  affect  of  the  nitre 
Stroups  renders  1,3,5-TNB  susceptible  to  nucleophilic  rather  than  electro- 
philic attack. 

The  predominant  reaction  of  1,3,5-TNB  with  a variety  of  nucleo* 
philes  is  formation  of  a Maiaanhaimer  complex  (Bernasconl,  1970) ■ 


The  reaction  ie  well  known  with  hydroxy,  elkoxy  and  amine  nucleophiles. 
Amines  can  undergo  a second  reaction  with  1,3,5-TNB  involving  nucleophilic 
attack  at  a nltro  group  to  form  an  oxyhydroxy lamina. 
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Oxyhydroxy lamia*  formation  la  favorad  in  watar  (Bamaaconi,  1970).  Tha 
adduct  from  a primary  amine  will  aliminata  wa.tar  and  form  an  azoxy  compound. 


( 


Azoxybenzanea  in  acid  undargo  a trana formation  known  aa  tha  Wallach  ra- 
arrangamant. 


Traatmant  of  1,3,5-TNB  with  matal  hydroxidaa  in  alcohol  producaa 
a -rad  color  dua  to  aalt  formation.  Continuad  alkaline  treatment  gives  a 
bimolacular  condanaation  product  and  3,5-dlnitrophanol. 


Hydroxy lamina  in  cold  alcholic  solution  reacts  with 
produce  2,4,6-crlnicroaniline,  known  aa  picramida. 


1,3,5-XNB  to 


1 


i 


i 

i 

i 

\ 


Presumably  tha  Haisanhaimar  complex  is  formed  first,  followed  by  elimination 
of  water  end  protonation. 


r 

» 


The  thermal  decomposition  of  1 ,3,5-TNB  vapors  has  been  investiga- 
ted (Maksimov  end  Egorychava,  1971).  The  gaseous  products  were  N» , CO, 

C0«,  H^O  and  small  amounts  of  NO.  No  nitrogen  dioxide  was  found.  A multi- 
component  liquid  residue  product  was  formed.  Possible  constituents  were 
benxene,  phenol,  aniline,  biphenyl,  and  their  nitro  and  nitroao  derivatives. 
A brown  film  of  nonuniform  make-up  formed  on  the  vessel  wall  during  decom- 
position. Spectroscopic  investigation  indicated  the  presence  of  unsaturated 
aromatic  bonds  and  the  presence  of  C-NO,,  functionality. 

2.  Sampling  and  Analysis 

' Analytical  technlquas  for  1,3,5-TNB  have  been  developed  in  con- 
junction with  the  analysis  of  explosive  mixtures.  Most  of  the  procedures 
have  been  designed  to  enable  analysis  in  the  presence  of  chemically  similar 
compounds . 

Thin  layer  chromatography  (TLC)  of  trinltrobenzeneamlne  charge 
transfer  complexes  has  been  used  for  the  separation  and  identification  of 
explosive  components.  1,3,5-TNB  reacts  with  an  aromatic  amine  to  form  a 
colored  charge  transfer  complex. 


Qualitative  identification  of  as  little  as  2 pg  of  material  in  the  presence 
of  trlnitrotolulene  (TNT)*  dinltrobanzene  (DNB) , and  other  aromatic  nitro 
compounds  is  possible  with  this  method  (Parihar  at  al.t  1968). 

Gas  chromatographic  (GC)  methods  have  been  developed  for  monitor- 
ing the  compoeitlon  of  the  organic  phase  of  a continuous  TNT  production 
process  (Dalton  at  at 1972).  GC  in  tandem  with  high  resolution  mass 
spectrometry  bus  also  been  used  in  analysis  of  TNT  impurities  (Chang,  (1971). 
Quantitative  estimation  of  TNB  is  hindered  by  the  presence  of  trinitroben- 
solc  acid,  an  oxidation  product  of  TNT.  High  injection  port  temperatures 
cause -decarboxylation,  raising  the  apparent  TNB  concentration. 


Infrared  spectroscopy  has  been  Investigated  for  explosives 
analysis.  It  is  a dated  technique,  useful  primarily  for  identification  of 
simple  mixtures  (Priatera  at  al.,  1960). 
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D.  Uses  of  1 ,3.5-trinltrobonzano  In  Army  Munitions  Production 
1 . Purposes 

Although  1,3,5-TNB  Is  an  explosive,  it  is  not  currently  used  by 
the  Any  for  this  purpose.  It  is,  however,  a by-product  in  the  manufacture 
of  TNT.  Under  the  conditions  employed  during  the  nitration  of  toluene, 
competitive  oxidation  of  the  methyl  group  to  a carboxyl  group  can  occur 
forming  2,4,6-trlnltrobenzolc  acid  (2,4,6-TNBA).  This  acid  is  then  decar- 
boxy  lated  to  form  1,3,5-TNB. 


COOH 


Decarboxylation  of  2,4,6-TNBA  occurs  mainly  in  the  nitratora.  However  some 
decarboxylation  is  observed  in  the  Selllte  washers  due  to  the  high  tempera- 
tures and  alkaline  conditions  (Kohlbeck  fit  al., 1973).  The  direct  nitration 
of  bensene  to  1,3,5-TNB  is  not  klnatically  favored.  Therefore,  the  major 
route  of  any  1,3,5-TNB  formation  is  through  the  carboxylic  acid.  Kohlback 
fit  al.  (1973)  have  analyzed  the  nitrobody  phase  in  each  of  the  six  nitratora 
in  the  continuous  process.  They  found  the  following  concentrations  of 

2.4.6- TNBA: 

Nitrator  No. 

, ► 

1 2 3 4 5 6 

Percent  TNBA  0.43  0.92  0.78  0.76  0.45  0.18 

The  amount  of  2,4,6-TNBA  in  the  nitrobody  phase  increases  to  a maximum  in 
the  second  nitrator  then  decreases  to  0.18X  in  the  sixth  nitrator.  This 
decrease  is  probably  due  to  decarboxylation  to  1,3,5-TNB.  Any  residual 

2.4.6- TNBA  is  removed  in  the  Selllte  washer.  However,  the  1,3,5-TNB  is  not 
removed  beyond  its  solubility  in  the  purification  process  and  ends  up  in  the 
final  product.  Analysis  of  the  TNT  product  exudates  from  the  continuous  and 
batch  process  show  a higher  1,3,5-TNB  content  resulting  from  the  continuous 
process  (Kohlbeck  fit  al.,  1973): 

- RAAP  (continuous)  0.59  - 0.70%  1,3,5-TNB 

- VAAP  (batch)  0.14  - 0.20%  1,3,5-TNB 

. - JAAP  (batch)  0.16%  1,3,5-TNB 

2.  Estimated  or  Speculated  Losses  of  1,3,5-TNB  from  TNT  Manufacture 


a.  Process  Losses 

Chromatographic  studies  (Kohlbeck  fit  al.,  1973)  indicate  that 
1,3,5-TNB  is  more  volatile  than  TNT.  Thus  1,3,5-TNB  would  be  expected  to 
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•ad  up  in  tha  batch  scrubber  effluents  in  a slightly  higher  relative  pro- 
portion than  it  is  in  the  TNT.  Losses  of  1,3,5-TNB  to  the  acids  wash 
(yellow)  water  and  the  Salllte  washer  (red)  water  would  also  be  expected  due 
to  the  greater  water  solubility  of  1,3,5-TNB  (0.04g/100g)  compared  to  that 
of  TNT  (0.02g/100g). 

The  red  and  yellow  water  are  not  discharged  into  the  environ- 
ment. The  yellow  water  is  returned  to  the  second  nitrator.  Excess  yellow 
water  is  combined  with  the  red  water  (Patterson  at  al, , 1976) . The  red 
water  is  concentrated  in  rotary  kilns  to  about  35-40%  solids  (TRW,  1973). 

The  concentrated  liquid  is  either  sold  to  the  paper  industry  or  incinerated 
to  a dry  residue.  The  dry  residue  is  then  disposed  of  in  landfills  or 
stockpiled.  Thus,  the  possibility  of  ground  and  surface  water  contaminant 
from  this  waste  exists. 

The  evaporator  condensate  from  the  red  water  condensation 
process  contains  'v  15  mg/1  nlerobodiss  (Psttsrson  et  al. , 1976).  Since 

1,3,5-TNB  ie  more  volatile  than  TNT,  a ralativaly  high  proportion  of 

1,3,5-TNB  could  and  up  in  this  condensate.  Currently  this  condensate  is 
discharged  untreated  at  all  plants  (Patterson  at  al.  , 1976). 

Since  1,3,5-TNB  concentrations  ere  not  routinely  monitored, 
it  ie  difficult  to  estimate  the  amount  of  1,3,5-TNB  which  might  be  entering 
the  environment  from  TNT  manufacturing  facilities.  A sample  of  RAAP  conden- 
sata  wastawatar  was  analyzed  for  1,3,5-TNT  by  Epstein  at  al.  (1975).  They 
found  ebout  0.6%  of  the  nitrogen  containing  organics  wars  1,3,5-TNB  and  8% 

TNT  or  a TNT/1,3, 5-TNB  ratio  of  145/1.  Applying  this  ratio  to  tha  data  in 
Tabla  1-7  (Saction  I of  this  report),  a 1,3,5-TNB  concsntration  in  tha  affluant 
can  ba  calcuiatad.  With  these  sssumptions,  RAAP  dischargee  of  1,3,3-TNB  would 
be  expected  to  be  0.39  lb/line/day  or  0.77  lb/dey  with  two  continuous  lines 
operating . 

Analysis  of  79  condensate  water  samples  from  VAAP  (1  continuous 
line  in  operation)  indicates  only  occasional  detectable  concentrations  of 

1.3.5- TNB  (Barkldy,  1978).  Of  the  79  samples,  76  contained  no  datactable 

1.3.5- TNB.  A maximum  of  0.2  mg/1  was  found  in  the  romsiniag  samples.  VAAP 
has  the  capability  of  operating  6 OIL  continuous  and  5 batch  linas.  Approx- 
imataly  0.39  lb/day  from  each  continuous  lias  and  0.07  lb/day  from  each  batch 
Una  or  2.76  lb/day  could  bs  discharged  from  VAA?  at  full  capacity.  Likewise, 
discharges  from  JAAP  et  full  capacity  would  be  2.55  lb/day  (6  CIL  continuous 
and  3 batch  lines). 

b.  1,3,5-TNB  Production  in  the  Environment 

In  addition  to  the  1,3,5-TNB  in  the  process  affluent,  photo- 
lyeis  of  TNT  has  also  been  shown  to  be  a source  of  1,3,5-TNB  in  the  environ- 
i ment.  Burlineon  et  al.  (1973)  have  shown  the  occurrence  of  ^1%  photoccmver- 

1 sion  of  LIT  to  1,3,5-TNB  by  sunlight.  Thus  photo conversion  could  add  an  ad-  31 

j ditional  1.10  lb/day  (2  lines  operating)  of  1,3,5-TNB  to  RAAP  wastee.  Ac 

; full  capacity,  photochemical  convarsion  could  add  another  3.94  lb/day  and 

j 3.64  lb/day  of  1,3,5-TNB  to  VAAP  and  JAAP  wastes. 

I 

l 

i - 

i 
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c.  Estimated  1,3,5-TNB  Dischargss  fron  TNT  Manufecturs 


Combining  tha  1,3,5-TNB  from  the  process  and  photochemical 
sources.;  discharge  rates  and  river  concentrations  at  full  production  can  be 
calculated  for  RAAP,  JAAP,,  and  VAAP.  These  data  are  presented  In  Table  VIII- 

2.  For  those  calculations,  JAAP  discharges  were  assumed  to  bo  similar  to 
those  from  RAAP.  Newport  incinerates  all  their  nitrobedy  containing  wastes. 


Table  VIII-2.  Estimated  Discharges  and  River  Concentrations 
of  1,3,5-TNB  at  Full  TNT  Production. 


Plant 

No.  of  Lines 

Total 

Difcharga  Rates 
lb/day 

River 

Rivar 

Flow 

mgd 

Rivar  Con- 
cantratlon 
ppb 

RAAP 

2 continuous 

1.9 

New 

2,380 

0.1 

VAAP 

6 hatch 

6 continuous 

6.7 

Tennessee 

23,750 

0.03 

JAAP 

6 continuous 

6 batch 

6.2 

Illinois 

5,390 

0.14 

3.  Estimated  or  Speculated  Losses  of  1,3,5-TNB  from  TNT  Blending 

Operations 

4 

TNT  is  blended  with  RDX  or  HMX  at  HAAP.  The  blending  operation 
(incorporation)  was  described  in  Section  I.A.l.f,  page  40  of  this 
report.  As  discussed  earlier  0.1  to  0.7%  of  the  final  TNT  product  is 
1,3,5-TNB.  At  full  production,  110  mll/lb  of  TNT  would  be  used  at  HAAP  each 
year.  Of  this  TNT,  110,000  to  770,000  lb  is  1,3,5-TNB.  Estimated  dis- 
charges of  TNT  at  full  production  run  as  high  as  650  lb/day.  If  a comparable 
percentage  of  1,3,5-TNB  wore  lost,  tha  discharge  would  be  0.65  to  4.6 
lb/dey.  However,  1,3,5-TNB  is  approximately  twice  as  soluble  as  TNT.  There- 
fore  ss  much  as  1.3  to  9.1  lb  of  1,3,5-TNB  could  be  discharge  per  day  from 
HAAP.  Photolysis  of  TNT  could  lead  to  an  additional  6.5  lb/day  of  1,3,5-TNB 
in  the  Holeton  River,  The  resulting  Hols  ton  Rivsr  concentration  (assuming 
full  mixing)  could  be  as  high  as  0.9  ppb.  However,  local  river  concen- 
trations* could  reach  ten  times  this  concentration. 

4.  Estimated  or  Speculated  Losses  of  1,3,5-TNB  from  LAP  Operations 

Comhueker,  Kansas,  Lone  Star  and  Louisiana’ AAP's  dispose  of 
generated  pink  water  from  LAP  operations  by  evaporation  In  ponds  or  basins. 
Samples  of  the  waetewatera  lu  sumps  st  Louisiana  AA?  had  TNT  and  1,3,5-TNB 
concentrations  of  213  and  2 mg/1,  respectively  (Burlinsou  and  Glover,  1976). 
Semples  from  the  leaching  pond  were  also  analyzed  in  this  study.  This  pond 
contained  20  mg/1  TNT  and  18  mg/1  1,3,5-TNB.  These  data  indicate  the  forma- 
tion of  1,3,5-TNB  from  photolysis  of  TNT.  Thera  is  no  information  on  tha 
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leaching  of  1,3,5-TNB  into  the  ground.  wa_£er. 


love  end  Joliet  AAP  use  carbon  adsorption  to  treat  their  pink 
water  effluents.  There  is  very  little  information  concerning  the  Influent 
to  and  effluent  from  these  columns.  Burlinson  and  Glover  (1976)  analyzed 
the  affluent  from  the  carbon  columns  at  Iowa  AAP.  They  did  not  detect  any 
1,3,5-TNB  in  this  affluant. 


E.  Uses  of  1.3,5-trinlttrobanzana  in  Civilian  Community 

1.  Production  Methodology 


The  most  economical  preparation  method  for  1,3,5-TNB  la  from  tri- 
nitrotoluene. Oxidation  of  trlnltrobenzolc  acid  with  H2SO4  and  sodium  di- 
chromate is  followed  by  decarboxylation  In  boiling  water.  CO2  la  liberated 
and  1,3,5-TNB  precipitates. 


H2s°4 

NajfCrJff^ 


Trinitrobenzene  may  also  be  produced  by  dlrecc  nitration  of 
m-dinitrobenzane  or  reduction  of  picryl  chloride. 


2.  Manufacturers,  Production,  and  Capacities 

There  are  currently  no  major  U.S.  manufacturers  of  1,3,5-TNB. 
Both  Eastman  Organic  and  J.  T.  Baker  Chemicals  formerly  supplied  it. 
Aldrich  Chemical  lists  1,3,5-TNB  in  their  catalog  of  available  chemicals 
but  does  not  maintain  any  in  stock. 

3.  Usages 

Thsre  are  no  major  non-explosive  uses  of  1,3,5-TNB. 
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4. 


Future  Trends 


! 


Thar*  ara  no  anticipated  future  uaaa  of  1,3,5-TNB.  It  Is  chemi- 
cally uasui table  as  a synthetic  intermediate.  Due  to  the  dangers  of  handling 
1.,3,3-TNB,  it  la  an  industrially  undesirable  chemical. 

5,  Documented  or  Speculated  Occurrences  in  tha  Environment 

Occu.  incea  of  1,3,5-TNB  in  the  civilian  environment  have  not 
been  reported. 

F.  Comparison  of  Army  and  Civilian  Uses  of  1,3,5-TNB 

1,3,5-TNB  Is  only  used  in  research  quantities  in  the  Civilian  community. 
It  is  also  not  used  in  the  military  sector.  However,  1,3,5-TNB  is  present 
to  the  extent  of  0.1  to  Q.7X  of  the  TNT  final  product.  It  is  also  present 
in  the  aqueous  effluents  from  the  military  manufacturing  blending  and  LAP  of 
TNT.  No  civilian  facilities  are  currently  producing  TNT.  DuFont  and  Mobay 
manufacture  DNT.  Some  1,3,5-TNB  might  be  found  in  their  waste  water  or 
product.  However,  this  discharge,  if  any, would  be  small  compared  to  the 
military  pollution  from  1,3,5-TNB.  Thus,  1,3,5-TNB  environmental  discharge 
is  a unique  military  problem. 

G.  Toxicological  and  Environmental  Hazards  of  1.3.5-trlnitrobenzwna 

1.  Mammalian  Toxicity 

Tha  acuta  and  chronic  effects  of  1,3,5-TNB  on  mammals  ere  pre- 
sented in  Table  VIII-3.  Tha  LD50  for  1,3,5-TNB  is  over  500  mg/kg  for  rodents. 
Gorski  (1969)  did  not  find  1,3,5-TNB  carcinogenic  to  UALC/C  mice,  However, 
he  did  observe  that  1,3,5-TNB  Increases  tha  carclnoganic  activity  of 
3-mathylcholanthrene  in  mice.  Buckall  and  Richardson  (1950)  listed  1,3,5- 
TNB  as  a aubatanca  which  produced  Heinz  bodies  in  erythrocytes.  These  bodies 
indicatt  the  development  of  anemia,  Bredow  and  Junz  (1943)  show  that  both 
1,3-DNB  and  1,3,5-TNB  can  cauce  the  formation  of  methemoglobln.  Mathamo- 
globin  la  formed  from  oxyhemoglobin  end  results  in  ths  lack  of  oxygen 
availability  to  the  cells.  Although  1,3,5-TNB  methsmoglobin  levels  are  not 
as  high  as  1,3-DNB,  1,3,5-TNB  formation  is  fastsr  (1  hour  to  10  hours). 

The  available  data  indicate  that  1,3,5-TNB  is  very  toxic  when 
administered  in  subacute  and  chronic  doses.  Bio&ccumulation  of  this  com- 
pound in  mammslisn  tissues  has  not  been  studied,  nor  have  any  human  toxi- 
cological responses  bean  reportad.  No  studies  were  found  in  the  literature 
dealing  with  the  mutagenic  or  teratogenic  effects  of  1,3,5-TNB. 

Human  exposure  to  1,3,5-TNB  is  mainly  limited  to  handling  of  TNT. 
Some  of  tha  toxic  effects  of  1,3,5-TNB  could  be  overlooked  In  this  handling 
due  to  the  gretter  exposure  to  TNT. 
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Table  VTII-3.  Acute  and  Chronic  Aniaal  Toxicity  o£  1,3,5— trial trobenxene 
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505  Oral  Once  LD50  Fogleaaa  at  at.*  1955 


2.  Aquatic  Toxicity 


Savaral  atudiaa  hava  b««n  conducted  to  datarraina  the  distribution 
of  1,3,5-TNB  in  receiving  waters  from  TNT  manufacture,  blending  end  LAP 
operations  (Huff  at  al, , 1975a, b,c,d;  Jarger  at  al.  , 1976).  In  general 
1,3,5-TNB  was  below  the  detection  limit  in  both  the  water  and  sediment 
samples  (0.2  mg/1  for  water  and  20  mg/1  for  sediment).  However,  studies 
conducted  at  VAA?,  showed  increasing  1,3,5-TNB  down  river  from  the  die- 
charge  points.  Concentrations  up. to  66.3  mg/1  were  detected  in  water  samples, 
taken  from  points  along  Waconda  Bay  (Sullivan  at  al,  , 1977).  Sediments  con- 
tained up  to  304  mg/1  of  1,3,5-TNB.  Thus,  it  appears  that  the  major  source 
of  1,3,5-TNB  pollution  is  from  photo conversion  of  TNT. 


Aa  indicated  in 

organisms . 

Table 

VIII-4, 

1,3,5-TNB 

is  toxic 

to  aquatic 

Table  VIII-4.  Effect 

of  1,3 

, 5-trinitrobenzene 

on  Aquatic  Organisms. 

Species 

Cone. 

Water 

Tamp. 

•c 

Efface 

Rafarance 

Fathead  minnow 

(Pimaphalaa  promalaa ) 

* 

1.03 

soft 

20 

96-hr 

LC50 

Liu  & BaiUy,  1977 

Water  flee 

(Daphnia  magna) 

27.0 

soft 

20 

40-hr 

LC50 

M 

At  10  mg/1  fish  (Kuhlia  eandviaenaia)  showed  violent  irritant  activity 
(Hiatt  at  al. , 1953).  Irritant  activity  was  observed  with  concentration  of 
1,3,5-TNB  as  low  as  0.1  mg/1.  Huff  at  al.  (1975c)  found  1,3,5-TNB  present 
in  fish  tissues  (river  carpsucker  and  longear  sunfish) , but  they  could  not 
quantify  the  levels,  due  to  broadening  of  the  gas  chromatographic  peaks, 

Liu  and  Bailey  (1977)  found  aquatic  organisms  biotccumulrts  TNT  to  the  ex- 
tent of  200-400  times  the  amount  found  in  the  water.  A similar  bioaccumula- 
tlon  factor  would  ba  expseted  for  1,3,5-TNB,  Thus,  1,3,5-TNB  could  be 
blomagnlfled  in  the  food  chain.  Tha  degree  of  1,3,5-TNB  bioaccumulation-  end 
ita  entry  into  the  food  chain  require  further  investigation, 

3.  Microorganism  Toxicity 

As  shown  in  Table  VIII-5  the  growth  of  microorganisms  can  be  in- 
hibited by  1,3,5-TNB.  The  most  sensitive  organisms  was  Sbvaptoaoooua  sp. 
which  was  inhibited  by  1 mg/1  of  1,3,5-TNB.  With  a mixture  of  micro- 
organisms, predominantly  Paaudomowa  sp.,  Chambers  at-  al.  (1963)  found  a 
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Table  VIII-5.  Growth  Inhibition  of  Bacteria  and  Fungi  by  1,3,5-THB. 


relatively  low  oxygen  uptake  by  the  organisms  and  little  oxidetlon  of  the 
1,3,5-TNB.  Bringt-ar.  and  Kuhn  (1971)  used  a two  stage  process,  the  first 
stage  contained  Asobaatar  agilis  and  the  second  st«ge  activated  sludge. 

After  36  hours  95-97%  r*  the  1,3,5-TNB  was  reduced.  Villanueva  (1961)  found 
that  a strain  Uooardxa.  V.  could  metabolize  1,3,5-TNB  to  an  arylamiue. 

From  this  data  It  seems  that  1,3,5-TNB  Is  fairly  persistent  in  the 
environment.  However,  if  released  at  a constant  rate,  organisms  could  be 
present  co  metabolize  the  compound. 

4.  Phytotoxlc.tty 

The  phytotoxicity  of  various  nltrosubstltuted  benzenes  was  studied 
by  Simon  and  Blackman  (1953).  vhe  toxic  properties  of  these  chemicals  were 
determined  by  the  concentrations  required  to  reduce  the  growun  rete  of 
Triohodarma  virids  to  one-half.  These  dete  are  presented  in  Table  VIII-6. 


Table  VIII-6.  Concentration  of  Nitrobenzenes  Required  for 
50X  Inhibition  of  Growth  Rate  of  Triahodarma  virido. 

Component  Concentration,  mg/1 


Nitrobenzene  689 
o-dlnitrobenzene  50 
p-dinitrobenzene  20 
1,3, 5-trinitrobenzene  21 


Their  data  indicate  greater  phyto toxicity  for  ortho  and  psra  substituted  nicro 
groups.  However,  these  data  indicate  1,3,5-TNB  to  be  phytotoxic  in  the  low 
ppm  range. 

5.  Environmental  Fate 

Newell  at  at.  (1976)  have  shown  that  1,3,5-TNB  is  not  lost  from 
t'ne  environment  by  photolysis.  Nome  losses  from  the  aquatic  environment 
would  be  expected  due  to  volatility  (Barkley,  1978)  , Microorganism  degrada- 
tion also  occurs  to  some  extant.  Another  possible  loss  of  1,3,5-TNB  from 
the  aquatic  environm-nt  is  due  to  chemical  reactions.  Complex  formation  or 
dtrlvatlzation  would  reduce  the  1,3,5-TNB  concentration.  If  these  re- 
actions occur,  volatlzation  and  microorganism  degradation  will  be  slower 
than  for  free  1,3,5-TNB. 

Although  the  data  is  sketchy,  it  appears  that  1,3,5-TNB  concen- 
trates in  the  sediment  and  bioaccumulates  in  aquatic  organisms.  The  effect 
of  these  concentration  factors  are  unknown  at  this  time.  Further  studies 
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on  bloaccumulatlon  affects  on  Cha  food  chain,  sediment  accumulation  and 
microbial  degradation  and  resultant  products  uuder  naturally  occurring  con- 
tltlons  require  further  investigation. 
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6.  Availability  of  Literature  for  Phase  II 

There  is  sufficient  data  on  the  toxicological  hazards  of  1,3,5-TNB. 

The  environmental  data  is  sketchy;  however,  an  evaluation  of  foreign  litera- 
ture and  a detailed  comparison  with  nltrobenzenss  and  TNT  would  be  useful. 

H.  Regulations  and  Standards 

Since  1,3,5-TNB  is  not  an  industrially  produced  or  used  chemical,  there 
are  no  regulations  which  are  specific  to  its  discharge,  handling  or  trans- 
port. It  is,  however,  listed  in  EPA  Toxic  Substances  Control  Act  Candidate 
List  of  Chemical  Substancaa  (1977). 

I.  Conclusions  and  Recommendations 

The  data  obtained  and  evaluated  during  this  problem  definition  study  on 
1,3,5-trinltrobenzene  indicate  the  following  conclusions. 

1.  1,3,5-TNB  is  a military  unique  compound;  it  Is  not  manufactured  or 
used  by  the  Civilian  community. 

2.  1,3,5-TNB  is  s by  product  of  TNT  manufacture  which  ends  up  In  the 
final  product  «fc  a concentration  of  0.1  to  0.72. 

3.  1,3,5-TNB  entars  the  environment  from  the  manufacture,  blending  and 
loading  of  TNT. 

4.  It  is  produced  in  the  environment  by  photodecomposition  of  TNT. 

5.  1,3,5-TNB  is  highly  toxic  to  aquatic  life  and  mammals. 

6.  Degiauation  occurs  very  slowly  -n  the  environment  with  accumulation 
in  sediments  and  bioaccumulation  in  fish  observed. 

Due  to  Its  toxicity  and  military  uniqueness,  1,3,5-trinltrobenzene  is 
recommended  for  a detailed  Phase  XI  toxicological  and  environmental  evalua- 
tion. The  following  studies  are  also  recommended  in  order  to  clarify  the 
environmental  and  treatment  problems  due  to  the  chemical . 

1.  Additional  sediment  and  fish  analysis  for  1,3,5-TNB  be  conducted 
at  TNT  manufacturing  facilities  when  they  again  become  operational 
and  at  Holston  AAP. 

2.  A study  be  conducted  on  the  ability  of  proposed  treatment  processes 
to  remove  1,3,5-TNB  from  the  effluent  streams. 
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The  questions  which  need  to  be  answered  ara: 

Will  the  proposed  blotraatnant  facilltlaa  at  HAAP  degrade 
1,3,5-TNB  to  a more  toxic  nitroso  or  amino  compound  ea  haa 
bean  found  with  biodegradation  of  TNT? 

Will  the  presence  of  1,3,5-TNB  change  the  bed  to  volume 
breakthrough  on  the  carbon  adsorption  columns  and  trill 
it  be  efficiently  removed  from  the  effluent? 
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ABBREVIATIONS  AND  SYMBOLS 

R - Angstroms,  10~^  meter 

AAP  - Army  Ammunition  Plant 

atm  - atmosphere 

Bldg  - building 

BOD  - biological  oxygen  demand 

B.P.  - bailing  point 

BSX  - intermediate  in  RDX  manufacture  - CH3C0OH2N(NO2>-(CH2)2-N-NO2 
C - degree  Centigrade 

CA  - Chemical  Abstracts 

CAAP  - Cornhuaker  Army  Ammunition  Plant 

cal  - calorie 

CAS  - Chemical  Abstracts  Service 

cc  - cubic  centimeter 

CHjO  - formaldehyde 

8CI  - 8th  cumulative  Index 

9CI  - 9th  cumulative  index 

CIL  - Canadian  Industries  Limited 

cm"1  - wavenumber 

CO  - carbon  monoxide 

C02  - carbon  dloxida 

COD  - chemical  oxygen  demand 

d - density 

A - heet 

DMA  - dlmethylernine 

1,3-DNB  - 1,3-dinitrobenrene 

DNBA  - dlnltrobenzoic  acid 

DNT  - dinitrotoluene 

E+  - electrophile 

e - molar  absorptivity  coefficient 

EC5CJ  - concentration  which  exhibits  an  effect  on  502  of  the  exposed 
population 

EDTA  - ethylene  diamine  tetracatic  scid 

F - female 
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ABBREVIATIONS  AND  SYMBOLS  (continusd) 


I 


ft  - foot 

TV  - filtered  water 

f - «r« 

GC  - gee  chromatography 

gpd  - gallons  per  day 

gpn  - gallons  par  alnuta 

Hj  - hydrogen 

AHp  - heat  of  combustion 

HAAP.  - Bolaton  Army  Asnunition  Plant 

HDC  - Holaton  Defense  Corporation 

HMPA  - hexamsthylphosphoramlda 

HMX  - octahydro-l,3,5,7-tatranitro-s-catra*ina 

HNOj  - nitric  acid 

HjO  - water 

hra  - hours 

BjSO^  - sulfuric  acid 

hu  - high  energy 

IAAP  - Iowa  Army  Ammunition  Plant 

IC  - inorganic  carbon 

in  - inch 

I.P.  - Intraperl toneal 

I.R.  - infrared 

I.V.  - Intravenous 

JAAP  -Joilet  Army  Ammunition  Plant 

k - rate  constant 

KAAP  -Kansas  Army  Ammunition  Plant 

- basicity  constant 
Kcal  7 kilocalorie 

kg  - kilogram 

A - liter 

X - wavelength  of  light 

LA  - Los  Angeles 
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ABBREVIATIONS  AMD  SYMBOLS  (continued) 


' 


LAAP  - Louisiana  Army  Ammunition  Plant 

LAP  - load,  assembly  and  paclc 

lb  - pound 

i 

LD50  - dose  necessary  to  kill  50Z  of  the  exposed  population 

LDLo  - lowest  lethal  dose 

LSAAP  - Lone  Star  Army  Ammunition  Plant 

M - molar 

MAAP  - Milan  Army  Ammunition  Plant 

MAC  - maximum  allowable  concentration 

lie  - micro  curries 

tig  - microgram 

mg  - milllgrama 

MGD  - million  gallons  per  day 

mil  - million 

min  - minute 

mp  - millimicron 

am  - millimeter 

aM  - millimoles 

mmol  - millimoles 

MMA  - uonomethylamine 

MP  - melting  point 

Dp  - index  of  refraction 

NAAP  - Newport  Army  Ammunition  Plant 

NAD  - nicotinamide  adenine  dinudeotlde 

NADH  - reduced  nicotomide  adenine  dinucleotide 

NaOH  - sodium  hydroxide 

NDMA  - N-nitroeodimathylamine 

ng  - nanogram 

NHj  - ammonia 

NH^/N  - ammonical  nitrogen 

urn  - nanometer 

NMR  - nuclear  magnetic  resinance 

n.s.  - not  apecified 


-291- 


V 


» 


n 


ABBREVIATIONS  AND  SYMBOLS  (continued) 


Hu  - nucleophile 

0 - oxygen 

02  - oxygen 

oc  - organic  carbon 

OH  - hydroxide 

OSHA  - Occupational  Safety  and  Health  Administration 
PBX  - plastic  bonded  explosives 

PBNJC  “ plastic  bonded  explosive  containing  nylon  or  a vlnylldena  difluorlde- 

hexafluoropropylena  copohyoer 

Z - percent 

pH  - log  hydrogen  ion  concentration 

ppb  - parts  per  billion 

ppm  - parts  per  million 

pel  - pounds  per  square  inch 

redn  - reduction 

RDX  - hexehydro-1 ,3,5-trinitro-s-triazine 

RO  - alkoxide  ion 

RW  . - river  water 

s.c.  - subcutaneous 

s.d.  - standard  deviation 

SEX  - octahydro-l-acetyl-'3,5,7-trinitro-s-tetrazine 

atm  - atesa 

SO j - sulfur  dioxide 

T - temperature 

TAX  - hexahydro-l-3,-dinitro-5-acatyl~s-triazine 

TLC  “ thin  layer  chromatograph 

TLV  - threshold  limit  value 

TMA  - trimathylamine 

TMA-0  - trimethylamine  oxide 

1,3,5-TNB  - 1,3, 5- trinitrobenzene 

TNT  - trinitrotoluene 

USSR  - United  Soviet  Socialist  Republic 
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ABBREVIATIONS  AND  SYMBOLS  (continued) 


- volume 

- Volunteer  Array  Aanunltion  Plant 

- weight 
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